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FIELD OF THE INVENTION 

The invention relates to low temperature ductile and impact resistant polyorganosiloxane/polyvinyi-based 
dual graft polymer modified polycarbonate resin compositions and to thermally stabilized polyorganosilox- 
ane/polyvinyl-based graft polymers, a process for producing such thermally stabilized multi-stage graft poly- 
mers and thermoplastic compositions incorporating such thermally stabilized multi-stage graft polymers. 

Novel low temperature ductile and impact resistant polycarbonate resin compositions modified with poly- 
organosiloxane/polyvinyl-based rubber products comprising a co-homopolymerized polyorganosiloxane/poly- 
vinyl first stage substrate, a poly(alkyl (met h)acrylate) second stage grafted to the substrate and a poly(alkenyl 
aromatic) third stage subsequently grafted thereto are provided. These resin compositions exhibit enhanced 
ductility and impact strength, particularly at low temperature. 

Additionally, novel polyorganosiloxane/polyvinyl-based rubber products which have been thermally sta- 
bilized by superdrying are provided which comprise a co-homopolymerized polyorganosiloxane/polyvinyl-ba- 
sed substrate and one or more grafted or molecular ly interlocked subsequent stages comprising a vinyl-type 
polymer such as a styrene/acrylonitriie copolymer and/or an acrylate or (meth)acrylate polymer. Compounded 
thermoplastic resins containing the thermally stabilized or superdried polyorganosiloxane/ polyvinyl-based 
graft polymers are also provided. 

These thermally stabilized rubbers and resin compositions exhibit dramatically improved thermal stability, 
particularly when subjected to abusive molding conditions such as 640°F molding temperatures for a two min- 
ute cycle time, over rubbers and compositions prepared with a polyorganosiloxane/polyvinyl-based modifier 
that has not been superdried. The thermally stabilized rubber modified compositions of the present invention 
also exhibit improved color and impact properties. 

BACKGROUND OF THE INVENTION 

Novel polyorganosiloxane/polyvinyl-based three stage graft polymers have been discovered which im- 
prove the low temperature ductility and impact resistance of polycarbonate resins. Additionally, thermally sta- 
bilized polyorganosiloxane/polyvinyl-based graft polymers which are extremely useful in improving color and 
impact properties of thermoplastic resins, particularly under abusive molding conditions, are disclosed. 

There have been many attempts in the art to provide polyorganosiloxane-based graft polymers which may 
be useful as modifiers for thermoplastic resins. 

Major deficiencies of such materials include relatively poor properties at extremes such as at low temper- 
ature or under abusive molding conditions. 

Commonly-owned European Patent Application No. 0,369,204 (U.S. Serial No. 07/271,250, filed Novem- 
ber 14, 1988), U.S. Patent No. 4,939,205 and U.S. Patent No. 4,927,880 disclose polyorganosiloxane/poJyvinyl- 
based graft polymer modifiers, and particularly three stage polyorganosiloxane/polyvinyl-based modifiers in- 
cluding those having a butylacrylate intermediate stage and a styrene/acrylonitriie outermost stage, as being 
useful in the modification of polycarbonates, polyesters, and polycarbonates and polyesters along with other 
thermoplastic resins. United States Patent No. 4,968,746 to DeRudder and Wang, also commonly-owned, dis- 
closes polyesters in combination with the above modifiers. 

Polyorganosiloxane/polyvinyl-based and particularly polyorganos iloxane/polyvinyl-based polybutylacry- 
late/ styrene modifiers are combined with polyphenylene ether or polyphenylene ether and polystyrene in com- 
monly-owned European Patent Application No. 0,369,199 (U.S. Serial No. 07/271,249, filed November 14, 
1988). 

Commonly-owned European Patent Application Nos. 369,202 and 369,203 (respectively U.S. Serial No. 
07/271,247 and 07/271,248. both filed November 14, 1988) include polyorganosiloxane/polyvinyl-based graft 
polymers with a methyl (meth)acrylate outermost stage. These modifiers can be combined with polycarbon- 
ates and/or polyesters. 

Polycarbonates and polyesters are also modified with a combination of polyorganosiloxane; organosilox- 
ane; and/or diene rubber-based modifiers in commonly-owned U.S. Patent Application No. 07/271,246, filed 
November 14, 1988, and U.S. Patent Application No. 07/356,356, filed May 24, 1989. 

Finally, Wang, U.S. Patent No. 4,939,206, incorporates flame retardant polyorganosiloxane-based modi- 
fiers having either organosiloxane or co-homopolymerized polyorganosiloxane/polyvinyi-based substrates and 
a flame retardant graft stage with thermoplastic resins. 

DeRudder et al, U.S. Patent No. 4,927,880, disclose thermoplastic resins including aromatic polycarbon- 
ate resins and aromatic polyesters in combination with a flatting agent comprising a polyorganosiloxane/poly- 
vinyl-based graft polymer including poly(butylacry1ate)-styrene/acrylonitrile multhgraft stages. 

Hongo et al, U.S. Patent No. 4,918,132, suggest the additi n of a thermoplastic polyester, a polyorgano- 
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siloxane/ poly(methy1 (meth)acryiate)-based-vinyl graft copolymer, a thermoplastic polyester elastomer and 
a filler to improve impact resistance of polyesters. 

The impact resistance and thermal resistance f polymet hacrylimide resins is stated by Yamamoto et al, 
U.S. Patent No. 4,902,742, to be improved by the addition of a modifier formed by graft-polymerizing at least 
one ethytenically unsaturated monomer onto a polyorganosiloxane rubber copolymerized with a graft- 
crosslinking agent. 

Sasaki et al, U.S. Patent No. 4,775,712, suggest the addition of a polyester elastomer, a polyorganosilox- 
ane-vinyl graft polymer modifier and a filler to improve impact properties and weatherabiiity of polyesters. 

A similar modifier comprising a vinyl monomer grafted to a organosiloxane, units from a specific graft- 
linking agent, and a tetrafunctional cross-linking agent is disclosed by Sasaki et al, U.S. Patent No. 4,690,986. 

Mention is also made of European Patent Application Nos. 0,246,537 and 0,260,552, both of which de- 
scribe the use as impact modifiers of a polyorganosiloxane polymer substrate on which are subsequently graft- 
ed first and second vinyl-based polymer stages. The latter of said applications describes soaking the first stage 
substrate with second stage monomer(s) to cause entangling with the silicone prior to the subsequent poly- 
merization of the second stage. This forms a traditional interpenetrating network. 

The co-homopolymerized polyorganosiloxane/polyvinyl-based dual graft modifiers and the thermally sta- 
bilized co-homopolymerized polyorganosiloxane/polyvinyl-based graft modifiers of the present invention are 
useful in applications requiring superior properties at extremes, particularly at low temperature and abusive 
molding conditions, and particularly in combination with thermoplastic resins. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a transmission electron micrograph of a co-homopolymerized polyorganosiloxane/polyvlnyl sub- 
strate prepared in accordance with the present invention. 

FIG. 2 is a graphic illustration of the increase in melt stability that thermally stabilized multi-stage polyor- 
ganosiloxane/polyvinyl-based graft polymers possess over non-thermally stabilized multi-stage polyorgano- 
siloxane/ polyvinyl-based graft polymers. 

SUMMARY OF THE INVENTION 

According to the present invention, there are provided low temperature ductile and impact resistant com- 
positions comprising: (A) a polycarbonate resin; and (B) a low temperature ductility and impact strength im- 
proving amount of a multi-stage polyorganosiloxane/polyvinyi-based graft polymer composition comprising (a) 
as a first stage, a polymeric co-homopolymerized substrate comprised of, in combination, an organosiloxane 
polymer; a vinyl-based polymer, and optionally units derived from a cross-linking agent or agents, units which 
serve as a graft-linking agent or agents units, units derived from a cross-linking agent or agents and units from 
the same or different agent or agents which serve as a graft-linking agent or agents, or a mixture of any of the 
foregoing units; (b) a second stage graft polymerized in the presence of the substrate comprising at least one 
alky! (met h)acry late polymer and optionally units derived from cross-linking agent or agents, units which serve 
as a graft-linking agent or agents, units derived from a cross-linking agent or agents and units from the same 
or different agent or agents which serve as a graft-linking agent or agents, or a mixture of any of the foregoing 
units, to form a substrate/second stage intermediate; and (c) a third stage graft polymerized in the presence 
of the substrate/second stage intermediate comprising at least one alkenyl aromatic polymer and preferably 
consisting essentially of styrene. 

A method of improving low temperature ductility and impact strength of a polycarbonate resin comprising 
mixing the polycarbonate with the above multi-stage polyorganosiloxane/ polyvinyl-based graft polymer is pro- 
vided as well. 

Also contemplated by the invention are thermally stabilized multi-stage polyorganosiloxane/polyvinyl-ba- 
sed graft copolymer compositions having improved color-imparting and impact resistance imparting properties 
comprising (a) as a first stage, a polymeric co-homopolymerized substrate comprised of, in combination, an 
organosiloxane polymer; a vinyl-based polymer, and optionally units derived from a cross-linking agent or 
agents, units which serve as a graft-linking agent or agents, units derived from a cross-linking agent or agents 
and-units from the same or different agent or agents which serve as a graft-linking agent or agents, or a mixture 
of any of the foregoing units; and (b) at least one subsequent stage or stages graft polymerized in the process 
of any previous stage and which is comprised of a vinyl-based polymer or a cross-linked vinyl-based polymer, 
the graft copolymer being superdried. 

In a preferred embodiment the thermally stabilized modifier subsequent stages comprise (b)(i) a second 
stage comprising at least one polymer which optionally includes units derived from a cross-linking agent or 
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agents, units which serve as a graft-linking agent or ag nts, units derived from a cross-linking agent or agents 
and units from the same or different agent or agents which serve as a graft-linking agent or agents, or a mixture 
of any of the foregoing units; and (b)(ii) a third stage comprising at least one vinyl-based polymer or a cross- 
linked vinyl-based polymer which is the same as, or different than, the (b)(i) polymer. 

The invention also provides a process for producing a thermally stabilized multi-stage polyorganosilox- 
ane/polyvinyl- based graft polymer comprising the steps of. 

(i) providing a first stage substrate by the concurrent co-homopolymerization of an organosiloxane and 
one or more vinyl-based monomer(s) optionally in the presence of effective amounts of units which serve 
as a graft-linking agent(s), units derived from a cross-linking agent , units derived from a cross-linking agent 
and units from the same or different which serve as graft-linking agent(s), or a mixture thereof; 

(ii) neutralizing the reaction mass of the foregoing co-homopolymerization step to pH of at least about 6.5 
to provide a neutralized polyorganosiloxane/polyvinyl-based substrate latex; 

(iii) graft polymerizing at least one vinyl-based monomer in a subsequent stage in the presence of the poly- 
organosiloxane/polyvinyi-based substrate thereby providing a multi-stage polyorganosiloxane/polyvinyl- 
based graft polymer; 

(iv) drying the multi-stage polyorganosiloxane/ polyvinyl-based graft polymer; and 

(v) superdrying the dried multi-stage polyorganosiloxane/polyvinyl-based graft polymer. 

Further contemplated by the invention are compositions comprising (A) a thermoplastic resin, and (B) an 
effective modifying amount of thermally stabilized multi-stage polyorganosiloxane/polyvinyl-based polymer 
composition above defined. Properties modified include at least one of impact strength, color, ductility, thermal 
stability, and the like. 

DETAILED DESCRIPTION OF THE INVENTION 

The multi-stage graft polymers of the present invention are made sequentially by a process which begins 
with a co-homopolymerization step. 

Co-homopolymerization refers to a polymerization step where two distinct polymerization mechanisms are 
effected concurrently, including simultaneously. In particular, the first stage co-homopolymerization may en- 
compass a siloxane polymerization (e.g. ring opening and condensation mechanism) in conjunction with a con- 
current vinyl polymerization. The discrete mechanisms are not seen as competing with each other; rather, two 
homopdymers are concurrently produced each retaining its own structure. This is evidenced by the tw distinct 
glass transition temperatures which can be detected by differential scanning calorimetry (DSC). Preferably, 
the product of the co-homopolymerization process is rubbery instead of a resin-like powder. 

FIG. 1 illustrates the morphology of a typical co-homopolymerized substrate. The substrate latex presents 
itself in the micrograph as predominantly dark circular areas (1) surrounded by halos of light circular areas (3) 
with definite boundaries. The dark areas (1) represent stained vinyl-based rich areas and the light areas (3) 
are polyorganosiloxane rich. The co-homopolymerization reaction produces an area rich in vinyl-based polymer 
surrounded and slightly permeated by the polyorganosiloxane, but each component retains its autonomy as 
two discrete phases. 

Additional cross-linking and/or graft-linking agent(s) can be utilized in this initial stage to provide co-hom- 
opolymers from both polymeric constituents which provides greater rubber integrity. 

Subsequent to the co-homopolymerization of the siloxanes and vinyl-based monomers of the first step, 
at least one additional or subsequent graft polymerization process is utilized to achieve multi-stage polyorga- 
nosiloxane/polyvinyl-based graft polymers. 

If a non-thermally stabilized modifier that will improve the low temperature ductility and impact strength 
of polycarbonates is to be prepared, the subsequent graft stage polymerization is necessarily carried out in 
two sequential stages providing two stages graft polymerized one after the other onto the substrate. The first 
grafted stage polymerized onto the substrate, i.e. the second stage, is of at least one alkyl(meth)acrylate and 
optional units derived from a cross-linking agent or agents, units which serve as a graft-linking agent or agents, 
units derived from a cross-linking agent or agents and units from the same or a different agent or agents which 
serve as a graft-linking agent or agents, or a mixture of any of the foregoing units. This forms a substrate/sec- 
ond stage intermediate onto which the second grafted stage, i.e the third stage, of at least one vinyl aromatic 
polymer is grafted. 

The subsequent graft stage polymerization of the thermally stabilized modifier is preferably of at least one 
vinyl type monomer. It has been found that styrene/ aery lonitrile copolymer, styrene/divinyl benzene copolymer, 
or an alkyl(meth)acrylate is particularly effective as the second stage graft polymer or copolymer, or as the 
outermost stage when intermediary stages are optionally utilized therein. The graft polymer is then thermally 
stabilized as d scribed bel w. 
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The foregoing thermally stabilized polyorganosiloxane/polyvinyl-based graft polymer or non-t hermally sta- 
bilized low temperature ductility and impact strength improving polyorganosiloxane/ polyvinyl-based graft poly- 
mer can be isolated and utilized as an impact strength modifying agent for thermoplastic resins as will be dis- 
cussed in detail below. The latter modifier is particularly preferred when mixed with polycarbonate resins. 
5 The first stage rubbery substrate of the modifiers of the present invention is provided by a series of se- 

quential processing steps. In a premixing step, the ingredients required for the co-homopolymerization of the 
organosiloxane(s) and the vinyl-based monomer(s) are premixed with water and suitable cross-linker(s), graft- 
linker(s), initiators) and surfactants). The premixed ingredients are homogenized by conventional means. The 
co-homopolymerization reactions may begin at this early stage of the process, but these reactions are gen- 
10 erally slow at room temperature. The homogenized reactants may be directed to a reactor vessel, typically stain- 
less steel or glass flasks, under a nitrogen blanket Heat is applied to facilitate the reaction. For typical 5 to 50 
gallon stainless steel reactions, a 3 to 6 hour residence time at 75°C to 90°C is adequate to complete the co- 
homopolymerizations. Cooling for 2 to 6 hours will typically reduce the temperature to at least room temperature 
where the reaction mass can be held for 3 to 72 hours. Cooling to lower temperatures (e.g. 5°C) may be sonne- 
ts times preferred since this may enhance the properties of the formed polyorganosiloxane/polyvinyl substrate. 

Cooling to room temperature or lower allows the polyorganosiloxane portion to build molecular weight, 
thereby minimizing the extractable silicone rubber fragments and optimizing physical properties of the product 
for certain applications. Generally, lower temperatures are preferred when it is desired to optimize the elasticity 
of the formed polyorganosiloxane/polyvinyl substrate. The time of cooling will also determine rubber particle 
20 size. 

The initiator for the siloxane component of the co-homopolymerization can be any Ionic ring opening type 
initiator when cyclic siloxanes are utilized, such as alkylarylsulfonic acids, alkyldiaryldisulfonic acids, alkylsul- 
fonic acids, or the like. The best suited example is dodecylbenzenesulfonic acid which can act as an initiator 
and at the same time as an emulsif ier. In some cases, the joint use of a metal salt of an aforementioned sulfon ic 

25 acid is also preferred. 

The initiator for the styrenic or other vinyl monomers in the co-homopolymerization process can be any 
organic soluble radical initiator, such as azobisisobutyronitrile (AIBN) and the organic peroxides, e.g. benzoyl 
peroxide, dichloro benzoyl peroxide, tert-butyl perbenzoate. Also suitable are water soluble radical initiators 
such as the persulfates. Although it is possible to charge this type of initiator at the beginning of the process, 

30 it is preferred that it be charged continuously or incrementally during the co-homopolymerization period. Since 
persulfate is less stable in the acid conditions of the siloxane polymerization, it is preferred that the persulfate 
be added overtime to keep the vinyl polymerization running. Particle size, pH, and total solids measurements 
can be readily monitored at this stage of the process. A latex rubber emulsion prepared as described above 
will generally contain particles having an average diameter of 75 to 800 nanometers. The particle size is par- 

35 ticulariy influenced by the homogenization pressure (and the number of passes through the homogenizer) and 
the composition of the reaction ingredients. A pressure range of 2000 to 12000 psi is typical, and 3000 to 9000 
psi is preferred. Multiple passes through the homogenizer may be preferred, but on a large scale a single pass 
may be most practical. 

The foregoing reaction steps must be followed by a suitable neutralization process. The main object of the 
40 neutralization is to quench the siloxane polymerization. This is accomplished by adding a caustic solution such 
as sodium hydroxide, potassium hydroxide, potassium or sodium carbonate, sodium hydrogen carbonate, trie- 
thanolamine or triethylamine. The pH of the reaction solution may be raised from a level of 1 to 3 to a pH of 
at least about 6.5, and preferably 7 to 9. 

It is often desirable to add additional soap or surfactant to t he emulsion formed at the end of the first stage, 
45 prior to the neutralization step. Additional surfactant tends to facilitate avoidance of premature agglomeration 
orflocculation of the co-homopolymerized rubber in the quench step. 

The foregoing co-homopolymerization process provides a rubbery polyorganosiloxane/polyvinyl sub- 
strate. This substrate is the first stage of the polyorganosiloxane/ polyvinyl-based graft polymers of the present 
invention. 

50 The next stage or stages involves the graft polymerization of additional vinyl-functional moieties onto graft 

sites provided by the rubbery substrate particles in the latex formed in the first stage. Subsequent additional 
stages are optional but may be preferred for certain applications, such as in the formulation of a low temper- 
ature ductility and low temperature impact strength modifier for thermoplastic resins, especially polycarbonate 
resins. 

55 The grafted polymers will preferably be the product of a vinyl polymerization process. Suitable vinyl mono- 

mers for graft polymerizati nofth interm diate or second stage in the preparati n of the non-t hermally sta- 
bilized low temperature improvement impact modifier include alkyl (meth)acryiates and particularly methyl 
(meth)acrylate. Suitable monomers for graft polymerization of the outermost or third stage of the-non-ther- 
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mally stabilized modifier include alkenyl aromatic monomers and preferably styrene monomers. 

Suitable vinyl monomers for graft polymerization in the preparation of the thermally stabilized modifier in- 
clude without limitation: alkenyl aromatic compounds such as styren , divinylbenzene, alpha-methylstyrene, 
vinyl tolu ne, halogenated styrene and the like; (meth)acrylates such as methyl (meth)acrylate and 2-ethyl- 

5 hexyl (meth)acrylate; acrylates such as acrylic acid, methyl acrylate, ethyl acrylate and butyl acrylate; vinyl 
cyanide compounds such as acrylonitrile and methacrylonitrile; olefins such as ethylene, propylene, buta- 
diene, isoprene, and chloroprene; and other vinyl compounds such as acryiamides, N-(mono or disubstituted 
alkyl)acrylamides, vinyl acetate, vinyl chloride, vinyl alkyl ethers, allyl (meth)acrylate, triallyl isocyanurate, 
ethylene dimethacrylate, diallyl maleate, maleic anhydride; maleimide compounds such as maleimide, or N- 

10 phenyl (or alkyl)maleimide; and mixtures of these monomers. 

With respect to the thermally stabilized modifier, grafted polystyrene, poly(meth)acrylate, styrene/acryi- 
onitrile copolymer or styrene/divinyibenzene copolymer as the outermost stage are preferred, yet many other 
intermediary stages such as a butyl acrylate stage are also contemplated. Furthermore, the grafting of addi- 
tional stages of the same or different kind is also possible in the thermally stabilized modifier. 

15 The vinyl polymerization is accomplished in an emulsion; therefore water soluble initiators are suitable e.g., 

potassium persulfate, sodium persulfate and ammonium persulfate. It is practical to add the initiator at the be- 
ginning of this step, prior to charging the vinyl monomer for the second stage polymerization. Other Redox 
initiator systems, such as cumene hydroperoxide/ferrous sulfate/glucose/sodium pyrophosphate, can also be 
utilized at this stage as well as other organic peroxides. 

20 Sequential multi-stage polymerization processes of this type are sometimes referred to as core-shell proc- 

esses. It is preferred, however, to describe them as multi-stage graft polymerization processes wherein the 
initial stage provides a co-homopolymerized organosiloxane/vinyl-based substrate. This substrate may have 
sufficient grafting sites for a second or subsequent stage to be grafted thereto. 

Although the resultant multi-stage polyorganosiloxane polyvinyl- based graft polymer from the process de- 

25 scribed above may be used as is, it is typically dried by conventional methods, e.g. under vacuum or in a f lui- 
dized bed drier, for a period of time, i.e. several hours preferably 1 to 4 hours, at an art recognized temperature 
range, i.e. 60°C-90°C. The resultant material would be considered a dried multi-stage polyorganosiloxane/poly- 
vinyl-based graft polymer. Typically, using isothermal TGAto measure melt stability, the weight retained of this 
dried graft copolymer after 1 5 minutes at 300°C ranges from about 35 percent to about 70 percent, based upon 

30 the weight of the pre-dried (as-produced) modifier. The non-thermally stabilized modifier is useful in both its 
as-produced or dried forms. 

However, the dried material may be thermally stabilized by superdrying. Superdrying is additional drying 
of the dried graft copolymer for a length of time, typically from about 1 to 3 hours, preferably from about IV2 
to 2V2 hours and most preferably about 2 hours, at a temperature higher than the typical initial drying, preferably 

35 ranging from about 100°C to about 1 50°C and most preferably about 120°C, the temperature and period and.ul- 
timately the superdrying being sufficient to improve weight retained after 15 minutes at 300°C as measured 
by isothermal TGAto measure melt stability of the superdried modifier when compared to the as-produced or 
dried modifier, to about 85 percent or greater and preferably to about 98 to about 99 percent based upon the 
weight retained by the dried modifier. Superdrying typical results in minimal weight loss of the as-produced or 

40 dried modifier, i.e. less than five percent and typically 1 to 2 percent indicating that superdrying causes a chem- 
ical change in the modifier. 

In general, the first stage comprising the co-homopolymerized polyorganosiloxane/polyvinyl-based sub- 
strate will comprise approximately 5 to 95 weight percent of the total non-thermally stabilized, the pre-super- 
dried, or the superdried thermally stabilized graft polymer based upon the weight of the first stage substrate 

45 and the subsequent stage or stages taken together. Preferably, the first stage substrate will comprise approx- 
imately 30 to 90 weight percent on the same basis. Correspondingly, the subsequent stages, comprising the 
additional grafted vinyl poiymer(s), will comprise approximately 95 to 5 weight percent and preferably approx- 
imately 70 to 10 weight percent on the same basis. In the three stage systems, it is preferred that the second 
stage comprises from about 5 to about 95 parts by weight, most preferably from about 10 to about 90 parts by 

so weight, and particularly about 50 parts by weight, and the third stage comprises from about 95 to about 5 parts 
by weight, most preferably from about 90 to about 10 parts by weight and particularly about 50 parts by weight 
respectively based upon 100 parts by weight of second and third stage combined of the non-thermally stabil- 
ized graft polymer or the pre-superdrying step thermally stabilized graft polymer. In the multi-stage systems, 
preferably, the ratio of first stag substrate polymer (a) or (B)(a) to s cond stage polymer (b)(i) is 10:90 to 90:10 

55 and the amount of third stage polymer (b)(ii) comprises from about 1 0 to about 90 parts by weight per 1 00 parts 
by weight of (a) or (B)(a), (b)(i), and (b)(ii) combined again based upon the non-thermally stabilized graft poly- 
mer or the pre-superdrying thermally stabilized graft polymer. 

Typically in a non-thermally stabilized three stage multi-stag low temperature modifier, the first stage sub- 
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strate will comprise from about 30 to about 70 parts and preferably about 70 parts by weight, and the second 
and third stag s combined will comprise from about 70 to about 30 parts by weight and preferably about 30 
parts by weight of first stage substrate, second stage and third stage combined. 

The organosiloxanes useful in the first stage co-homopolymerization are any of those known to produce 
s silicone elastomers and may include those which are hydroxy-, vinyl-, hydride-, or mercapto-end capped linear 
organosiloxane oligomers. 

The pdyorganositoxanes illustratively will be comprised primarily of a mixture of units of the formula 

RnSiO ( 4. n y2 

wherein R is hydrogen or a monovalent hydrocarbon radical of about 1 to 16 carbon atoms and n is 0, 1 or 2. 

10 Preferred among the organosiloxanes are those in cyclic form having three or more siloxane units, and 

most preferred are those having three to six units. Such organosiloxanes include without limitation, for exam- 
ple, hexamethylcyclotrisiloxane, octamethylcyclotetrasiloxane, decamethylcyclopentasiloxane, dodecame- 
thyicyclohexasiloxane, trimethyitriphenylcyclotrisiloxane, tetramethyitetraphenylcyclotetrasiloxane, tetrame- 
thyltetravinylcyclotetrasiloxane and octaphenylcyclotetrasiloxane. These or similar organosiloxanes may be 

15 used alone or in combination. 

The vinyl monomers useful in conjunction with the co-homopolymerization of organosiloxanes in the first 
stage are preferred to be alkenyl aromatic compounds such as styrene, divinyl benzene, alpha-methylstyrene, 
vinyl toluene, vinyl naphthalene, vinyl anthracene, and halogenated styrene or its derivatives. Other suitable 
vinyl monomers include acrylic acids and acrylates such as methyl-, ethyl-, ally!-, or butyl acryl ate; 

20 (meth)acrylates such as methyl (meth)acrylate or 2-ethylhexyt (meth)acrylate; vinyl cyanides such as acryl- 
onitrile or methacrylonltrile; olefins such as ethylene, propylene, butadiene, isoprene, chloroprene, and other 
vinyl compounds such as vinyl imidazole, 5-vlnyl-2-norbornene, vinyl pyridine, vinyl pyrrolidine, vinyl acetate, 
vinyl alkyl ethers, vinyl chloride, vinyl furan, N-vlnyl carbazoie, ally! . (met h) acryl ate, triallyl isocyanurate, ethy- 
lene di(meth) acrylate, butylene di(meth)acry1ate, diallyl maleate, maleic anhydride; maleimide compounds 

25 such as maleimide or N-phenyl (or alkyl) maleimides; acrytamides; N-(mono or di-substituted) acryl amides; 
and mixtures of any of these monomers. In general, any rubbery or glassy vinyl type monomer may be used 
which can be mixable with the organosiloxanes. Typically, the vinyl component of the first stage co-homopo- 
lymer will be present in an amount of approximately 3 to 97 weight percent, and correspondingly, the organo- 
siloxane component will be present in an amount of approximately 97 to 3 weight percent Preferably, the vinyl- 

30 based component will comprise approximately 5 to 45 weight percent of the first stage of the co-homopoly- 
merized substrate. 

Graft-linking agents serve as a source of units which permit the branching effect for subsequent polymer- 
ization, and cross-linking agents serve as a source of units which link together polymer chains within their own 
polymerization state. 

35 The cross-linker agent used in conjunction with the organosiloxane component or subsequent stage com- 

ponents of the present modifiers can be any of those known to one of ordinary skill in the art and include, but 
are not limited to, those of the general formula 

R2 n -Si(ORi)4. n 

wherein n is 0, 1 or 2, preferably 0 or 1 and each R 1 independently represents hydrogen or a monovalent hy- 

40 drocarbon radical selected from among alkyl or aryl radicals having 1 to 16 carbon atoms, preferably methyl, 
ethyl and phenyl. R 2 can be the same as R 1 or can be a vinyl, alkenyl, thio, or (meth)acryloxyalkyi functional 
radical. When R 2 is a vinyl, alkenyl, thio, or acryloxyalkyl radical and n is 1, the cross-linking agent can also 
act as a graft-linking agent 

A preferred cross-linking agent is tetraethoxysilane. Suitable graft-linking agents include thoSe known in 

45 the art A combination cross-linking and graft-linking agent is vinyitriethoxysilane. Another suitable choice is 
gamma-methacryloxypropyltrimethoxysilane . 

The multi-stage polyorganosiloxane/polyvinyl-based graft product of the present invention can be isolated 
by conventional means such as hot solution coagulation. For example, an electrolytic solution of about 0.5 to 
5 percent aluminum sulfate or magnesium sulfate in water can be prepared and heated to about 75 to 95°C. 

so When the latex is added, with agitation, the graft product will precipitate and can be held at elevated temper- 
ature for about 10 minutes whereupon it may be filter washed. Commercial latex isolation techniques such as 
spray dryers may also b utiliz d. 

In a preferred feature of the invention, the isolated non-thermally stabilized low temperature ductility and 
impact strength three stage graft polymer may be utilized to modify a polycarbonate resin. 

55 in an additional preferred feature of the present invention, the thermally stabilized multi-stage modifier 

may be utilized as a color enhancer and/or an impact and ductility enhancer in a composition comprising a 
thermoplastic resin (A) and the thermally stabilized modifier (B). Illustrative of suitable thermoplastic resins 
are a poly(vinylic) resin, a polyester resin, a polyamide resin, a polycarbonate resin, a polyacetal resin, a poly- 
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ether resin, a poly(etherester) resin, a poly(etherimide) resin, a poly(etherimide ester) resin, a poly(sulfone) 
resin, a poly(ethersulfone) resin, interpolymers comprising units of any of the foregoing resins, and composi- 
tions comprising blends of any of them. 

The polycarbonate resins suitable herein are produced by using a d ihydroxydiarylalkane as the main start- 

5 ing material and optionally has branched chains. Such polycarbonate resins are manufactured by known proc- 
esses and generally by the reaction of a dihydroxy compound and/or a polyhydroxy compound with either phos- 
gene or a diester of carbonic acid. Suitable dihydroxydiarylaikanes include those having at least one alkyl 
group, chlorine, atom, or bromine atom in any of the positions ortho to the hydroxyl groups. Preferred examples 
of the dihydroxydiaryialkane include 4,4'-dihydroxy-2^-diphenylpropane(bisphenol-A); tetramethyibisphenol- 

10 A; and bis-(4-hydroxyphenyl>p-diisopropyl benzene. The branched polycarbonate resin can be produced by 
the above-mentioned reaction but using, for example, 0.2 to 2 mole percent of a polyhydroxy compound in place 
ofa part ofthe dihydroxy compound. Examples of the polyhydroxy compound include 1,4-bis-(4',4,2-dihydrox- 
ytriphenylmet hyl)benzene; phloroglucinol; 4,6-dimethyi-2,4,6-tris-(4-hydroxyphenyi)-heptene-2; 4,6-dimethyl- 
2,4,6-tris-(4- hydroxyphe nyl)-heptane , 1 ,3,5-tris-(4-hydroxyphenyl)benzene; 1 ,1 , 1 -tris-(4-hydroxy phenyl )et- 

15 hane; and 2,2,-bis-(4,4-(4,4'-dihydroxyphenyl)-cyciohexyl)propane. Particularly preferred polycarbonate res- 
ins are of the bisphenol-A type. 

Examples of suitable poly(vinylic) resins include, but are not limited to, styrene polymers and copolymers 
as well as substituted styrene polymers and copolymers, e.g., those from vinyl toluene and alpha-methylstyr- 
ene and any copolymerizable vinyl monomer, such as acrylonitrile, methyl (meth)acrylate, maleimide, or maleic 

20 anhydride, as well as grafts of styrene and related compounds and backbone polymers such as butadiene, 
i.e., the styrene polymers known as high impact polystyrene, also known as HIPS. 

The polyester resins can be saturated or unsaturated. Suitable polyesters resins can be derived from an 
aliphatic or cycloaliphatic diol, or mixtures thereof, containing from 2 to about 10 carbon atoms and at least 
one aromatic dicarboxylicacid. Preferred polyesters are derived from an aliphatic diol and an aromatic dicar- 

25 boxyiic acid and have repeated units of the following general formula: 



wherein n is an integer of from 2 to 4. The most preferred polyesters are poly(ethytene terephthalate) and 

35 poly(1 ,4-butyiene terephthalate). 

Also contemplated herein are the above polyesters with minor amounts, e.g., from 0.5 to about 2 percent 
by weight, of units derived from aliphatic acid and/or aliphatic polyols, to form copolyesters. The aliphatic poly- 
ols include glycols, such as poly(ethylene glycol) or poly(butyiene glycol). All such polyesters can be made fol- 
lowing the teachings of, for example, U.S. Patent Nos. 2,465,319 and 3,047,539. 

40 The polyesters which are derived from a cycloaliphatic diol and an aromatic dicarboxylic acid are prepared, 

for example, by condensing either the cis- or trans-isomer (or mixtures thereof) of, for example, 1 ,4-cyclohex- 
anedimethanol with an aromatic dicarboxylic acid so as to produce a polyester having recurring units ofthe 
following formulas: 



50 wherein the cyciohexane ring is selected from the cis- and trans-isomers thereof and R represents an aryl rad- 
ical containing 6 to 20 carbon atoms and which is the decarboxylated residue derived from an aromatic dicar- 
boxylic acid. 

Examples of aromatic dicarboxylic acids represented by the decarboxylated residue R are isophthalic or 
terephthalic acid, 1 ,2-di-(p-carboxyphenyl) ethane, 4,4'-dicarboxyldiphenyt ether, etc., and mixtures of these. 
55 All of these acids contain at least one aromatic nucleus. Acids containing fused rings can also be present, such 
as in 1 ,4- or 1 ,5-napht halenedicarboxytic acids. The preferred dicarboxylic acids are terephthalic acid or a mix- 
ture of terephthalic and isophthalic acids. 



Another preferred polyester may be derived from th reaction of either the cis- or trans-isomer (or a mixture 
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thereof) of 1,4-cyclohexanedimethanol with a mixture of isophthalic and terephthalic acids. Such a polyester 
would have repeating units of the formula: 



Still another preferred polyester is a copolyester derived from a cyclohexanedimethanol, an alkylene glycol 
and an aromatic dicarboxylic acid. These copolyesters are prepared by condensing either the cis- or trans- 
isomer (or mixtures thereof) of, for example, 1,4-cydohexanedimethanol and an alkylene glycol with an aro- 
matic dicarboxylic acid so as to produce a copolyester having units of the following formula: 



wherein the cyclohexane ring is selected from the cis- and trans- isomers thereof, R is as previously defined, 
n is an integer of 2 to 4, the x units comprise from about 1 0 to about 90 percent by weight and they units com- 
prise from about 90 to about 10 percent by weight 

Such a preferred copolyester may be derived from the reaction of either the cis- or trans- isomer (or mix- 
tures thereof) of 1,4-cyclohexanedimethanol and ethylene glycol with terephthalic acid in a molar ratio of 1:2:3. 
These copolyesters have repeating units of the following formula: 



wherein x and y are as previously defined. 

The polyesters described herein are either commercially available or can be produced by methods well 
known in the art, such as those set forth in, for example, U.S. Patent No. 2,901,466. 

The polyesters used herein have an intrinsic viscosity of from about 0.4 to about 2.0 dl/g as measured in 
a 60:40 phenol :tetrachloroethane mixture of similar solvent at 23°C-30°C. 

Examples of suitable nylons are linear polycondensates of lactams of 6 to 12 carbon atoms and conven- 
tional polycondensates of diamines and dicarboxylic acids, .g. nylon 6,6; nylon 6,8; nylon 6,9; nylon 6,10; nylon 
6,12; nylon 8,8 and nylon 12,12. Further examples to b mentioned are nylon 6, nylon 11 and nylon 12, which 
are manufactured from the corresponding lactams. In addition, it is possible to use polycondensates of aromatic 
dicarboxylic acids, e.g., isophthalic acid or terephthalic acid, with diamines, e.g., hexamethylenediamine, or 
octamethylenediamine, polycarbonates of aliphatic starting materials, e.g., m- and p-xylylenediamines, with 
adipic acid, suberic acid and sebacic acid, and polycondensates based on alicyclic starting materials, e.g. cy- 
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clohexanedicarboxylic acid, cydohexanediacetic acid, 4,4'-diaminodicyclohexylmethane and 4,4'-diaminodi- 
cyclohexylpropan . The nylons preferably have a relative viscosity of from 2.30 to 3.60 measured at 1 percent 
strength in concentrated sulfuric acid at 24°C. 

Examples of polyacetals which may be employed herein are, in particular, the oxymethylene polymers, 
polyoxymethylene being of particular importance. However, oxymethylene copolymers which, in addition to 
oxymethylene groups, contain up to 30 percent by weight, preferably from 0.1 to 25 percent by weight, of other 
oxyalkylene groups, for example the oxyethylene group, the trimethylene oxide group, are also suitable, as 
are terpolymers. The use of oxymethylene homopdymers in which the end groups of the molecules have been 
stabilized against degradation by esterifying, etherifying or some other conventional chain termination is pre- 
ferred. The oxymethylene polymers usually have a melting point of about 130°C. 

Polyethers which can be used herein are, in the main, polyarylene ethers amongst which polyphenylene 
ethers and po(y(ether esters) deserve particular mention. 

Polyphenylene ether resins useful in the invention are homopoiymers or copolymers represented by the 
formula 




wherein Q 1 through Q 4 are selected independently of each other from the group consisting of hydrogen and 
hydrocarbon radicals and m denotes a number of 30 or more. 

Examples of such polyphenylene ether resins include poly(2,6-dimethyl-1,4-phenyiene)ether, poly(2,6- 
diet hyl-1 ,4-phenylene)et her, poly(2,6-dipropyM ,4-phenylene)ether, poly(2-methyl-6-et hyl-1 ,4-phenylene) 
ether, poly(2-methyl-6-propyl -1 ,4-phenylene)ether, poly(2-et hyl-6-propyl-1 ,4-phenylene) ether, copolymer of 
(2,6-dimethyl-1 ,4-phenylene) ether with (2,3,6-trimethyM,4-phenylene)ether f copolymer of (2,6-diet hyl-1, 4- 
phenylene)etherwith (2,3,6-trimethyl -1,4-phenylene)ether, and copolymer of (2,6-dimethyM ,4-phenylene) 
ether with (2,3,6-triethyl-1,4-phenylene)ether. Of these polymers, preferred are poly(2,6-dimethyl-1 ,4- 
phenylene )ether and a copolymer of (2,6-dimethyM ,4-phenylene )ether with (2,3,6-trimet hyl-1 ,4-phenylene) 
ether. Particularly preferred is a poly(2,6-dimethyl-1,4-phenylene )ether resin; however, in order to lower its 
melt viscosity and to improve its processability, it may be advantageous to admix it with from about 1 0 to about 
90 percent by weight of polystyrene based upon the mixture of polyphenylene ether and styrene. 

Although there is no particular restriction on the polymerization degree of the polyphenylene ether resin 
used in the invention, it is preferable to use the resin having a reduced viscosity of 0.3 to 0.7 dl/g measured 
in chloroform at 25°C. Resins having a less reduced viscosity than 0.3 dl/g tend to exhibit low heat stability 
while resins having a reduced viscosity exceeding 0.7 dl/g tend to have inferior moldability. 

If polyphenylene ethers are to be blended, e.g., with polyamides, polycarbonates, polyesters, mixtures 
thereof and the like, a small amount of fu nationalizing agent, e.g., maleic anhydride, fumaric acid, etc., can be 
reacted with the polyphenylene ether in known ways to improve compatibility. 

The poly(ether ester) resins for use in the invention are random or block copolymers comprising polyester 
segments and polyether segments having molecular weight of 400 to 20,000. In general, these are prepared 
by conventional esterif ication/polycondensation processes from (i) one or more diols. ,(ii) one or more dicar- 
boxylic acids, (iii) one or more long chain ether glycols, and optionally, (iv) one or more lactones or polylactones. 

Diols which can be used in the preparation of the po!y(et her ester) resins include both saturated and un- 
saturated aliphatic and cycloaliphatic dihydroxy compounds. These diols are preferably of low molecular 
weight i.e. having molecular weight of about 250 or less. 

The term "diol" and "low molecular weight diols" with respect to the poly(ether esters) includ equivalent 
ester forming derivatives thereof, provided however, that the molecular weight r quirement pertains to the diol 
only and not to its derivatives. Ester forming derivatives include the acetates of the diols as well as, for example, 
ethylene oxide or ethylene carbonate for ethylene glycol. 

Pr ferred saturated and unsaturated aliphatic and cycloaliphatic diols useful in the production of the 
poly(ether ester) resins are generally those having from about 2 to about 20 carbon atoms, including ethylene 
glycol; propan diol; butanediol; pentanediol; 2-methyl propanediol; 2,2-dimethyt propanediol; hexanediol; de- 
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can diol; 1,2-, 1,3- and 1,4-dihydroxy cyclohexane; 1,2-, 1,3-, and 1 ,4-cyclohexane dimethanol; butenediol; 
hexenediol, and the like. Especially pref rred are 1,4-butane diol and mixtures thereof with hexanediol or bu- 
tenediol. 

Aromatic diols suitable for use in the preparation of the poly(et her ester) resins are generally those having 
5 from 6 to about 19 carbon atoms. Included among the aromatic dihydroxy compounds are resorcinol, hydro- 
quinone; 1 ,5-dihydroxy naphthalene, 4,4'-dihydroxy diphenyl, bis(p-hydroxy phenyl)methane and 2,2-bis(p-hy- 
droxy phenyl) propane. 

Especially preferred diols are the saturated aliphatic diols, mixtures thereof and mixtures of a saturated 
diol(s) with an unsaturated diol(s), wherein each diol contains from 2 to about 8 carbon atoms. Where more 

10 than one diol is employed, it is preferred that at least about 60 mole percent and most preferably at least 80 
mole percent, based on the total diol content, is the same diol. As mentioned above, the preferred poly(ether 
ester) resins are those in which 1,4-butane diol is present in a predominant amount 

Dicarboxylic acids which are suitable for use in the preparation of the poly(ether ester) resins include ali- 
phatic, cycloaliphatic, and/or aromatic dicarboxylic acids. These acids are preferably of a low molecular weight, 

15 i.e., having a molecular weight of less than about 350; however, higher molecular weight dicarboxylic acids, 
especially dimer acids, may also be used. The term "dicarboxylic acids" with respect to the poly(ether ester) 
resins includes equivalents of dicarboxylic acids having two functional carboxyl groups which perform substan- 
tially like dicarboxylic acids in reaction with glycols and diols in forming polyester polymers. These equivalents 
include esters and ester-forming derivatives, such as acid halides and anhydrides. Additionally, the dicarbox- 

20 ylic acids may contain any substituent group(s) or combinations which do not substantially interfere with the 
polymer formation and the use of the polymer in the practice of this invention. 

Aliphatic dicarboxylic acids, wit h respect to the poly(et her ester) resins, include carboxyl ic acids having two 
carboxyl groups each of which is attached to a saturated carbon atom. If the carbon atom to which the carboxyl 
group is attached is saturated and is in a saturated ring, the acid is cycloaliphatic. 

25 Aromatic dicarboxylic acids useful in the preparation of poly(ether ester) resins are dicarboxylic acids hav- 

ing two carboxyl groups each of which is attached to a carbon atom in an isolated or fused benzene ring system. 
It is not necessary that both functional carboxyl groups be attached to the same aromatic ring, and where more 
than one ring is present, they can be joined by aliphatic or aromatic divalent radicals or divalent radicals such 
as -O- or -SO2- . 

30 Representative aliphatic and cycloaliphatic acids which can be used in the preparation of the poly(ether 

ester) resins are preferably C4-C44 dicarboxylic acids such as, but not limited to, sebacic acid, 1 ,2-cyclohexane 
dncarboxytic acid, 1 ,3-cyclohexane dicarboxylic acid, 1 ,4-cyclohexane dicarboxylic acid, adipic acid, glutaric 
acid, succinic acid, oxalic acid, azelaic acid, diethylmalonic acid, allylmalonic acid, dimer acid, 2-ethylsuberic 
acid, tetramethylsuccinic acid, cyclopentane dicarboxylic acid, decahydro-1,5-naphthalene dicarboxylic acid, 

35 4,4'-bicydohexy1 dicarboxylic acid, decahydro-2,6-naphtha!ene dicarboxylic acid, 4,4-methyiene -bis-(cyclo- 
hexane carboxylic acid), 3,4-fu rand icarboxy lie acid, and 1,1-cyclobutanedi carboxyl ic acid. Preferred aliphatic 
acids are cyclohexaned icarboxy! ic acid, sebacic acid, dimer acid, glutaric acid, azelaic acid and adipic acid. 

Representative aromatic dicarboxylic acids which can be used in this preparation include terephthalic, 
phthalicand isophthalic acids, bi-benzoic acid, substituted dicarboxy compounds with two benzene nuclei such 

40 as bis(p-carboxyphenyl) methane, oxybis(benzoic acid) ethylene, 1 , 2- bis-(p-oxy benzoic acid), 1 , 5-naphthale- 
nedicarboxylic acid, 2,6-napthalenedicarboxylic acid, 2,7-naphthalenedicarboxylic acid, phenanthrenedicar- 
boxylic acid, anthracenedicarboxylic acid, 4,4'-sulfonyldibenzoic acid, and halo and C^-C^alky!, alkoxy, and 
aryl ring substitution derivatives thereof. Hydroxy acids such as p-(beta-hydroxy-ethoxy)benzoic acid can also 
can be used provided an aromatic dicarboxylic acid is also present. 

45 Preferred dicarboxylic acids forthe preparation of the poly(et her ester) resins are the aromatic dicarboxylic 

acids, mixtures thereof and mixtures of one or more dicarboxylic acids with an aliphatic and/or cycloaliphatic 
dicarboxylic acid, most preferably the aromatic dicarboxylic acids. Among the aromatic acids, those with 8-16 
carbon atoms are preferred, particularly the benzene dicarboxylic acids, i.e., phthalic, terephthalic and iso- 
phthalic acids and their dimethyl derivatives. Especially preferred is dimethyl terephthalate. 

so Where mixtures of dicarboxylic acids are employed, it is preferred that at least 60 mole percent, and pre- 

ferably at least about 80 mole percent, based on 100 mole percent of dicarboxylic acid are of the same dicar- 
boxylic acid or ester derivative thereof. As mentioned above, the preferred poly(et her esters) are those in which 
dimethyl terephthalate is the predominant dicarboxylic acid. 

Suitable long chain ether glycols which can be used in the preparation of the th rmoplastic poly(ether 

55 ester) resins are preferably poly(oxyalky1ene)glycols and copoly(oxya!kylene)glycols of molecular weight of 
from about 400 to 12000. Preferred poly(oxya!kylene) units are derived from long chain ether glycols of from 
about 900 to about 4000 molecular weight and have a carbon-to-oxygen ratio of from about 1 .8 to about 4.3, 
exclusive of any side chains. 
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Representative of suitable poly(oxyalkylene)glycols are poly(ethyiene ether)glycol; polypropylene 
ether)glycol; poly(tetramethylene ether)giycol; random or block copolymers of ethylen oxide and propylene 
oxide, including ethylene oxide end-capped poly(propy1ene ether)glycol and predominantly poly(ethylene 
ether) backbone, copoly(propyl n ether-ethylene ether)glycol; and random or block copolymers of tetrahy- 
drofuran with minor amounts of a second monomer such as ethylene oxide, propylene oxide or methyltetra- 
hydrofuran used in proportions such that the carbon-to-oxygen ratio does not exceed about 4.3. Polyformal 
glycols prepared by reacting formaldehyde with diols such as 1 ,4-butanediol and 1 , 5-pentaned iol are also use- 
ful. Especially preferred poly(oxyalkylene) glycols are poly(propyiene ether)glycol, poly(tetramethylene ether) 
glycol and predominantly poly(ethylene ether) backbone, copoly(propylene ether-ethylene ether)glycol. 

Optionally, these poly(ether esters) may have incorporated therein one or more lactones or polyiactones. 
Such lactone modified poly(ether esters) are disclosed in U.S. Patent No. 4,569,973. 

Lactones suitable herein are widely available commercially, e.g., Union Carbide Corporation and Aldrich 
Chemicals. While epsilon caprolactone is especially preferred, it is also possible to use substituted lactones 
wherein the lactone is substituted by a lower alkyl group such as a methyl or ethyl group at the alpha, beta, 
gamma, delta, or epsilon positions. Additionally, it is possible to use polylactone, including homopolymers and 
copolymers thereof with one or more components, as well as hydroxy terminated polylactone, as block units 
in these poly(ether esters). Suitable polyiactones and processes for their production are described in for ex- 
ample, U.S. Patent Nos. 3,761,511; 3,767,627; and 3,806,495. 

These poly(et her ester) resins are more fully described in European Patent Application No. 0,372,296, (co- 
pending application, U.S. Serial No. 07/279,353, filed December 7, 1 988). 

In general, suitable poly(et her ester) resins are those In which the weight percent of long chain ether glycol 
component or the combined weight percent of long chain ether glycol component and lactone component in 
the poly(ether ester) is from about 5 to about 80 weight percent. Preferably, the weight percent of long chain 
glycol or long chain glycol and lactone is from about 10 to 50 weight percent 

As described above, the poly(ether ester) resins may be prepared by conventional esterif ication/conden- 
sation reactions for the production of polyesters. Exemplary of the processes that may be practiced are as 
set forth in for example, U.S. Patent Nos. 3,023,192; 3,763,109; 3,651,014; 3,663,653; and 3,801,547. Addi- 
tionally, these modifiers may be prepared by known processes to effect random copolymers, block copolymers 
or hybrids thereof wherein both random and block units are present. For example, it is possible that any of two 
or more of the foregoing monomers/reactants may be prereacted prior to polymerization of the final poly(ether 
esters). Alternatively, a two part synthesis may be employed wherein two different diols and/or dicarboxylic 
acids are each prereacted in separate reactors to form two low molecular weight prepolymers which are then 
combined with the long chain ether glycol to form the final triblock poly(ether ester). 

Preferred examples of the polyester segment are poly(1 ,4-butyiene terephthalate) and poly(ethylene ter- 
ephthalate). Preferred polyether segments include a polyalkylene ether glycol, e.g., polyethyleneoxide glycol, 
polytetramet hyleneoxide glycol, polypropyleneoxide glycol, or a mixture thereof; an aliphatic polyester, or poly- 
al phacaprolactone. 

Poly(etherimides) are amorphous thermoplastics based upon repeating aromatic imide and ether units 
having the general formula 




Particularly notable are the poly(etherimide esters) which comprise the reaction product of (i) one or more 
diols; (ii) one or more dicarboxylic acids; and (iii)(1)(l) one or more polyoxyalkylene diimide diacids; and op- 
tionally (II) one or more tricarboxylic acids or derivatives thereof; (2) a combination of (I) one or more polyox- 
yalkylene diimide diacids; (II) one or more dimer acids wherein the amount of dimer is from about 5 to about 
40 parts by weight based upon 100 parts by weight of (I) and (II); and optionally, (III) one or more tricarboxylic 
acids or derivatives thereof; or (3) a combination of (I) one or more high molecular weight poly(oxyalkyiene) 
diamines; and (II) on or more tricarboxylic acids or derivatives thereof. 

Preferred poly(etherimide ester) resins may be prepared from (i) one or more diols, preferably low molec- 
ular weight diols, and preferably, one or more C2-C15 aliphatic and/or cycloaliphatic diols, (ii) one or more di- 
carboxylic acids, preferably, one or more C 4 -C 16 aliphatic, cycloaliphatic and/or aromatic dicarboxylic acids or 
ester derivatives thereof, (iii)(1) one or more polyoxyalkylene diimide diacids; (iii)(2) a combination of (I) one 
or more poly xyalkylene diimide diacids, (II) one or more dimer acids wherein the amount of dimer is from about 
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5 to about 40 parts by weight based upon 100 parts by weight of (I) and (II), and optionally (III) one or more 
tricarboxylic acids or derivatives thereof; or (iii)(3) a combination of (I) one or more high molecular weight 
poly(oxyalkylene) diamines, and (11) one or m re tricarboxylic acids or derivatives thereof. The amount of poly- 
oxyatkylene diimide diacid employed is generally dependent upon the desired properties of the resultant 
5 poly(etherimide ester). In general, the weight ratio of polyoxyalkylene diimide diacid component (iii)(1), (2), 
and/or (3) to dicarboxyiic acid (b) is from about 0.25 to about 2.0, and preferably from about 0.4 to about 1.4. 
These resins may contain additional stabilizers for even greater stabilization and low temperature impact 
strength of the resin itself. 

Suitable diols (i) for use in preparing poly(etherimide esters) include those described above in the prepa- 
10 ration of the poly(ether esters). 

Dicarboxyiic acids (ii) which are suitable for use in the preparation of the poly(etherimide esters) herein 
are as described above in the preparation of poly(ether esters). The molecular weight preference pertains to 
the acid and not to its equivalent ester or ester-forming derivative. Thus, an ester of a dicarboxyiic acid having 
a molecular weight greater than 350 is included provided the acid has a molecular weight below about 350. 
15 Polyoxyalkylene diimide diacids (iii) suitable for use in the preparation of poly(etherimide ester) resins are 

high molecular weight diimide diacids wherein the number average molecular weight is greater than about 700 
and most preferably greater than about 900. They may be prepared by the imidization reaction of one or more 
tricarboxylic acid compounds containing two vicinal carboxyl groups or an anhydride group and an additional 
carboxyl group which must be esterifiable and preferably is nonimidizable with a high molecular weight poly- 
20 oxyalkylene diamine. These polyoxyalkylene diimide diacids and processes for their preparation are more fully 
disclosed in European Patent Application No. 0,180,149 (U.S. Serial No. 07/665,192, filed October 26, 1984). 
For example, they may be derived from trimellitic anhydride and a polyalkylene diamine having the formula 

H2N-G-NH2 

wherein G is the bivalent radical remaining after removal of the amino groups of a large chain alkylene ether 
25 diamine having a molecular weight of from about 600 to 1200. 

In general, the polyoxyalkylene diimide diacids may be characterized by the following formula: 



30 




wherein each R is independently a bivalent organic radical, preferably a C2 to C^o aliphatic, aromatic or cy- 
cloaliphatic bivalent organic radical; each R' is independently selected from the group consisting of hydrogen, 
to C 6 aliphatic and cycioaliphatic monovalent organic radicals and C$ to C 12 aromatic monovalent organic 

40 radicals, e.g. benzyl, most preferably hydrogen; and G is the divalent radical remaining after the removal of 
the terminal (or as nearly terminal as possible) hydroxy groups of a long chain ether glycol or the divalent rad- 
ical remaining after the removal of the terminal (or as nearly terminal as possible) amino groups of a long chain 
alkylene ether diamine, either of which have an average molecular weight of from about 600 to about 12000, 
preferably from about 900 to about 4000, and a carbon-to-oxygen ratio of from about 1 .8 to about 4.3. 

45 Representative long chain ether glycols from which the polyoxyalkylene diamines are prepared include 

poly(ethylene ether)glycol; poly(propylene ether)glycol; poly(tetramet hylene et her)glycol; random or block co- 
polymers of ethylene oxide and propylene oxide, including propylene oxide terminated poly(ethylen 
ether)glycol; and random or block copolymers of tetrahydrofuran with minor amounts of a second monomer 
such as methyl tetrahydrofuran (used in proportion such that the carbon-to-oxygen mole ratio in the glycol 

so does not exceed about 4.3). Especially preferred poly(alkylene ether)glycols are polypropylene ether) glycol 
and poly(ethylene ether)glycols end-capped with poly(propyiene ether)glycol and/or propylene oxide. 

In general, the useful polyoxyalkylene diamines will have an average molecular weight of from about 600 
to 12000, preferably from about 900 to about 4000. 

The tricarboxylic acids useful herein may be almost any carboxyiic acid anhydride containing an additional 

55 carboxyiic acid or the corresponding acid thereof containing two imide-forming vicinal carboxyl groups in lieu 
of the anhydride group. Mixtures thereof are also suitable, the additional carboxyiic group must be esterifiable 
and preferably is substantially nonimidizable. 

Further, while trimellitic anhydride is preferred as the tricarboxylic component, any of a number of suitabl 
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tricarboxylic acid constituents will occur to those skilled in the art including 2,6,7-naphthalenetricarboxylic an- 
hydride; 3,3',4-diphenyltricarboxylic anhydride; 3,3',4-benzophenonetricarboxylic anhydride; 1,3,4-cyclopen- 
tanetricarboxylic anhydride; 2,2',3-diphenyltricarboxylic anhydride; diphenyl sulfone-3,3'4-tricarboxylic an- 
hydride; ethylenetricarboxylic anhydride; 1,2,5-naphthalenetricarboxylic anhydride; 1,2,4-butanetricarboxylic 
5 anhydride; diphenyl isopropylidene-3,3'4-tricarboxylic anhydride; 3,4-dicarboxyphenyl-3-carboxylphenyl ether 
anhydride; 1,3,4-cyclohexanetricarboxylic anhydride; and the like. These tricarboxylic acid materials can be 
characterized by the following formula: 



10 



15 



R'OOO 




where R is a trivalent organic radical, preferably C2 to C20 aliphatic, aromatic, or cycloaliphatic trivalent organic 
radical and R' is preferably hydrogen or a monovalent organic radical preferably selected from the group con- 
sisting of Ci to C 12 aromatc radicals, e.g. benzyl; and most preferably hydrogen. 

20 Briefly, these polyoxyalkylene diimide diacids may be prepared by known imidization reactions Including 

melt synthesis or by synthesizing in a solvent system. Such reactions will generally occur at temperatures of 
from 100°C to 300°C, preferably at from about 150°C to about 250°C, while drawing off water or in a solvent 
system at reflux temperature of the solvent or azeotropic (solvent) mixture. 

Dimer acids (iii)(2)(ll) useful herein are themeives prepared by the dimerization of unsaturated fatty acids 

25 of 18 carbons. Exemplary of fatty acids from which they may be prepared include but are not limited to oleic 
acid, linoleic acid and linolenic acid. The preparation and structure of dimer acid is described in Journal of the 
American Oil Chemists Society, 39, 534-545 (1962), Journal of the American Chemical Society, 66, 84 (1944) 
an U.S. Patent No. 2,347,562. Suitable dimer acids may be employed in their unhydrogenated or hydrogenated 
form and include the acid derivatives thereof. 

30 Several grades of dimer acid which vary in monomer and timer content are available commercially. Inclu- 

sive of suitable commercial dimer acids are those available from Emery Industries under the tradenames EM- 
POL 1010 (a hydrogenated dimer acid) and EMPOL 1014. EMPOL 1010 is reported as typically containing 97 
percent dimer acid, 3 percent trimer acid and essentially no monobasic acid and extremely low unsaturation, 
whereas EMPOL 1014 is typified as containing 95 percent, 4 percent and 1 percent of dimer, trimer and mono- 

35 basic acids respectively. Also available are the dimer acids sold under the tradename HYSTRENE from the 
Humko Products Division of Witco Chemical Corporation, especially HYSTRENE 3695, which typically contain 
95 percent dimer acid and a weight ratio of dimer to trimer of 36:1. Preferred grades are substantially free of 
such monomer and trimer fractions, most preferably less than 5 percent by weight, and are fully saturated or 
substantially so. 

40 Where desirable, the dimer acid member may be substantially freed of monomer and trimer fractions by 

molecular distillation or other suitable means. In general, the dimer acid exists in the poly(etherimide ester) 
as a soft or rubber segment, and accordingly, dimer acids of relatively high molecular weight (preferably greater 
than about 500) are preferred so that the poly(etherimide ester) resins are resilient but do not deform until 
relatively high temperatures are reached. 

45 The weight ratio of the above ingredients is not critical. 

Preferably, the poly(etherimide esters) comprise the reaction product of dimethylterephthalate, optionally 
with up to 40 mole percent of another dicarboxylic acid; 1 ,4-butane diol, optionally with up to 40 mole percent 
of another saturated or unsaturated aliphatic and/or cycloaliphatic diol; and a, polyoxyalkylene diimide diacid 
prepared from a polyoxyalkylene diamine of molecular weight of from about 600 to about 12000, preferably 

so from about 900 to about 4000, and trimellitic anhydride. Most preferably, the diol will be 100 mole percent 1 ,4- 
butane diol and the dicarboxylic acid, 100 mole percent dimethylterephthalate. 

When a dimer acid is used in combination with the polyoxyalkylene diimide diacid, preferably, th 
poly(et herimide ester) will comprise the reaction product of dimethylterephthalate, optionally with up to 40 mole 
percent of another dicarboxylic acid; 1 ,4-butane diol, optionally with up to 40 mole percent of another saturated 

55 or unsaturated aliphatic and/or cycloaliphatic diol; and a combination of (I) a polyoxyalkylene diamine diimide 
diacid prepared from a polyoxyalkylene diamine of molecular weight of from about 600 to about 12000, prefer- 
ably from about 900 to 4000 and (II) dimer acid in an amount of from about 10 to about 40 percent by weight, 
most preferably from about 15 to about 30 percent by weight based on the combined weight of (I) and (II), and 
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optionally trimellitic anhydride. Most preferably, the diol will be 100 mole percent 1 ,4-butane diol, and the di- 
carboxylic acid will be 100 mole percent dimethylterephthalate. 

These poly(etherimide esters) described herein may be prepared by conventional esterification/conden- 
sation reactions for the production of polyesters. Exemplary of the processes that may be practiced are as 
set forth in, for example, U.S. Patent Nos. 3,023,192; 3,763,109; 3,651,014; 3.663,653; and 3,801,547. Addi- 
tionally, these compositions may be prepared by such processes and other known processes to effect random 
copolymers, block copolymers or hybrids thereof wherein both random and block units are present 

It is customary and preferred to utilize a catalyst in the process for the production of the poly(etherimide 
ester) resins of the present invention. In general, any of the known ester-interchange and polycondensation 
catalysts may be used. Although two separate catalysts or catalyst systems may be used, one for ester inter- 
change and one for polycondensation, it is preferred, where appropriate, to use one catalyst or catalyst system 
for both. In those instances where two separate catalysts are used, it is preferred and advantageous to render 
the ester-interchange catalyst ineffective following the completion of the precondensation reaction by means 
of known catalyst inhibitors or quenchers, in particular, phosphorus compounds such as phosphoric acid, phos- 
phenic acid, phosphonic acid and the alkyl or aryl esters or salts thereof, in order to increase the thermal sta- 
bility of the resultant polymer. 

Suitable catalysts include, but are not limited to, the acetates, carboxylates, hydroxides, oxides, alcoho- 
lates or organic complex compounds of zinc, manganese, antimony, cobalt, lead, calcium and the alkali metals 
insofar as these compounds are soluble in the reaction mixture. Specific examples include zinc acetate, cal- 
cium acetate and combinations thereof with antimony tri-oxide and the like. These catalysts as well as addi- 
tional useful catalysts are described in U.S. Patent Nos. 2,465,319; 2,534,028; 2,850,483; 2,892,815; 
2,937,160; 2,998,412; 3,047,539; 3,110,693 and 3,385,830. 

Where the reactants and reactions allow, it is preferred to use the titanium catalysts including the inorganic 
and organic titanium containing catalysts, such as those described in, for example U.S. Patent Nos. 2,720,502; 
2,727,881; 2,729,619; 2,822,348; 2,906,737; 3,047,515; 3,056,817; 3,056,818; and 3,075,952. Especially pre- 
ferred are the organic titanates such as tetra-butyl titanate, tetraisopropyl titanate and tetra-octyl titanate, and 
the complex titanates derived from the alkali or alkaline earth metal alkoxides and titanate esters, most pre- 
ferably the organic titanates. These too may be used alone or in combination with other catalysts such as for 
example, zinc acetate, manganese acetate or antimony trioxide, and/or with a catalyst quencher as described 
above. 

These poly(etherimide esters) are further described in U.S. Patent Nos. 4,544,734; 4556,688; and 
4,556,705. 

Polysulfone are those polymers having a sulfone functionality within the repeating units of the polymer 
having repeating units of the formula 



wherein A is a group which is independent and will not interfere with the polymerization reaction such as hy- 
drogen, halogen, C^-C s alkyl, C<rC 10 aryl, GrC 5 alkoxy, and Ce-C 10 aryloxy and wherein a is an integer from 
1-4 and x is an integer from 1-5. 

These polysulfones may be of any length but preferably have a reduced viscosity of from 0.3 to 2 dl/g as 
measured in methylene chloride at 25°C. 

They include poly(ether sulfones) having repeating units of the formula: 
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the polycarbonate sulfones having repeating units of the formula: 



< A >a < A >a 




10 

wherein A, a and x are as defined above, and poly(aryt ether sulfones) having repeating units of the formula: 

< A >a <A) a 

20 

wherein G is selected from the group consisting of 



25 




30 

with R being selected from the group consisting of C r C 10 aliphatic, O, S, S0 2 , CO, and C 2 CI 2 . A, B and D are 
groups which are independent and will not interfere with the polymerization reaction such as hydrogen, halo- 
gen, Ci-Cs alkyl, C©-C 10 aryl, C^Cg alkoxy and Ce-C 10 aryloxy; a, b and d are integers from 1 to 4, and x, y 
and z are integers from 1 to 5. Although the suitable po!y(ether sulfones) and polycarbonate sulfones are not 
35 limited to a particular length, preferred polymers have a reduced viscosity of from 0.3 to 2 dl/g as measured 
in methylene chloride at 25°C. The polyether sulfones may be obtained by homopolymerizing halo- 
hydroxysulfones or by reacting dihydroxydi phenyl sulfone with dihalodiphenyl sulfone under the conditions 
mentioned below. 

A dihydroxy sulfone is reacted with a carbonyl halide (phosgene) by an interfacial polycondensation proc- 
40 ess to produce the polycarbonate sulfones. This can be accomplished by known polymerization methods, such 
as those described in the following U.S. Patent Nos.: 3,030,335; 3,269,986; 4,001,184; 4.224,434; 4.262,111; 
4,267,305; 4.277,597; 4.277.599; 4.291.150; 4.471.105; and 4.533.722. 

The poly(aryl ether sulfone) polymer may have an ordered structure, i.e. wherein G is of the same species 
throughout the polymer. Alternatively, the poly(aryl ether sulfone) polymer may have a random structure 
45 wherein G of the above formula varies throughout the polymer. These poly(aryl ether sulfones) may be pre- 
pared from difunctional sutfones of the formula: 

< A >a < A >a 

55 with dihydroxy compounds each having the formula HO-G-OH, wherein G, A, a and x are as defined above 
and each Q is independently selected from the group consisting of CI, Br, F, and N0 2 . Examples of these mono- 
mers include but are not limited to those described in U.S. Patent Nos. 3,658,938 and 4,503,168 and include 
2,2-bis(4-hydroxyphenyl)propane, bis(4-hydroxyphenyl)methane, 4,4'-dihydroxydiphenyl sulfide, 4,4'-dihy- 
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droxydiphenyl ether, 4,4'-dihydroxydiphenyl sulfone, 4,4'-dihydroxybenzoph none, 2,4'-dihydroxydiphenyi 
sulfone, 4,4'-dichlorodiphenyl sulfone, 4,4'-dinitrodiphenyl sulfone, 4~chloro-4'-hydroxydiphenyl sulfone, 4,4'- 
biphend hydroquinone, and the like. Poly(aryl ther sulfones) are preferably prepared from a condensation 
of dihalo diphenyi sulfone with the sodium salt of a dihydroxy compound, such as bisphenol-A, as described 

5 in Modern Plastics Encyclopedia, 1 969-1 970, McGraw Hill, NY p. 1 98. Such a poly(aryl ether sulfone) is com- 
mercially available under the tradename Udei® pdysulfone from Union Carbide and is produced from 4,4'-di- 
chlorodiphenyl sulfone and 2,2-bis(4-hydroxyphenyl)propane. 

The poly(aryt ether sulfone) polymers useful herein can also be prepared from equimolar amounts, or slight 
deviations therefrom, of the dihydroxy compounds and the drfunctional sulfone compounds with from about 

10 0.5 to about 1.0 mole of the alkali metal carbonate per mole of hydroxyl group, which provides the salt form 
of the dihydroxy compound in-situ. The hydroxy containing compound is converted to the alkali metal salt there- 
of by reaction with the alkali metal carbonate, which is preferably potassium carbonate. Sodium carbonate may 
also be used in mixtures with potassium carbonate. Other alkali metal carbonates and alkaline earth metal 
carbonates are also suitable. Alkali or alkaline metal bicarbonates may also be utilized alone or in conjunction 

15 with the carbonates. 

The reaction mixture is preferably maintained at a temperature of about 120° to about 180°C for about 1 
to 5 hours initially and is then raised to about 200° to about 250°C for about 1 to 10 hours. The reaction is 
carried out in an inert atmosphere such as nitrogen or argon at atmospheric pressure. Pressures both above 
and below one atmosphere may be used as desired, however. The sulfone polymer is then recovered by con- 
20 ventional techniques on removal of solvent and precipitation of the polymer. 

The reaction takes place in a solvent mixture having a solvent which forms an azeotrope with water in order 
to maintain the reaction medium at substantially anhydrous conditions during polymerization. The reaction me- 
dium is maintained substantially anhydrous to secure high molecular weight polymers. It is desirable to maintain 
the water concentration below about 1% and most preferably below, 0.5% by weight. The presence of water 
25 leads to the formation of additional phenolic species and low molecular weight products. Suitable solvents for 
the reaction mixture which form an azeotrope with water indude aromatic hydrocarbons such as toluene, ben- 
zene, xylene, ethylbenzene, chlorobenzene and the like. Polar aprotic solvents which for the other part of the 
solvent medium indude the sulfur containing solvents described in U.S. Patent No. 4,503,1 68 of the formula: 

R5-S(0) b -R« 

30 b is 1 or 2 and each R 5 is either a C r C 8 alkyi radical or connected together to form a divalent radical or CV 
C 12 aryl. Specific examples of these sulfur-containing solvents indude, but are notlimited to, dimethylsulfoxide, 
dimethytsulfone, diphenylsulfone, diethylsulfoxide, diethyisulfone, diisopropylsulfone, tetrahydrothiophene 
1,1 -dioxide, and tetrahydrothiophene- 1 monoxide. 

Additionally, nitrogen containing solvents such as N,N-dimethyl acetamide, N,N-dimethyl formamide and 

35 N-methyl pyrrol id i none may be used. These asotrope forming solvents and polar aprotic solvents are used in 
a weight ratio of about 1 :10 to about 1:1 and preferably from about 1 :7 to about 1 :3. 

A chain stopper, such as an aromatic or aliphatic halide is introduced to the reaction to terminate polymer- 
ization. The preferred organic halides indude methyl chloride or benzyl chloride. These halides convert ter- 
minal hydroxyl groups to ether groups and stabilize the polymer. 

40 Other methods for preparing po!y(aryl ether sulfones) are available and provide suitable polymers, such 

as those disdosed in U.S. Patent No. 3,658,938. 

Platinum compounds are often utilized in conjundion with polyorganosiloxane containing compositions in 
order to enhance the flame retardance of the latter. Platinum complexes are also used as catalysts in certain 
hydrosilation processes although such catalysts are not necessary for the practice of the present invention. 

45 As flame retarding additives, however, there may optionally be utilized the reaction product of chloroplatinic 
acid and organosilicon compounds as described in U.S. Patent No. 3,220,972. Another platinum compound is 
seen in U.S. Patent No. 3,775,452 describing platinum-containing organopolysiloxanes. 

The modified compositions can also be further rendered more flame retardant with effective amounts, e.g., 
between about 1 and 30 parts by weight per 1 00 parts by weight of resin, of a flame retardant agent, e.g., ele- 

50 mentary red phosphorous, phosphorous compounds, halogen compounds, nitrogen compounds, antimony ox- 
ide, zinc oxide, metal salt(s) of sulfonated diphenylsulfone, metal salt(s) of trichlorobenzene-sulfonic acid, mix- 
tures thereof and the like. 

The polycarbonate resin typically comprises from about 1 to about 99 parts by weight, preferably from about 
75 to about 99 parts by weight, and most pref rably from about 90 to about 96 parts by weight based upon 
55 100 parts by weight of polycarbonate resin and non-thermally stabilized multi-stage dual graft polyorganosi- 
loxane/polyvinyl-based polymer combined. Correspondingly, the non-thermally stabilized multi-stage dual 
graft polyorganosiloxane/polyvinyl-based graft polymer typically comprises from about 99 to about 1 parts by 
weight, preferably from about 25 to about 1 parts by weight, and most preferably from about 1 0 to about 4 parts 
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by weight on the same basis. 

Similarly, the thermoplastic resin typically comprises from about 1 to about 99 parts by weight, preferably 

from about 75 to about 99 parts by weight, and most preferably from about 90 to about 96 parts by weight based 

upon 100 parts by weight of thermoplastic resin and thermally stabilized multi-stage polyorganosiloxane/poly- 
5 vinyl-based graft polymer composition combined. Correspondingly, the thermally stabilized multi-stage poly- 

organosiloxane/polyvinyl-based graft polymer typically comprises from about 99 to about 1 parts by weight, 

preferably from about 25 to about 1 parts by weight, and most preferably from about 10 to about 4 parts by 

weight on the same basis. 

In addition, reinforcing fillers; dyes and colored pigments; heat stabilizers; thermooxidative stabilizers and 
10 UV stabilizers; waxes, lubricants and processing assistants, which ensure trouble-free extrusion and injection 

molding; and antistatic agents may be added to the molding compositions according to the invention. 

Conventional processes for mixing thermoplastic polymers can be used for the manufacture of molding 

compositions within the invention. For example, the compositions can be manufactured by using any suitable 

mixing equipment, e.g., co-kneaders or extruders. The mixing temperatures are in general from 150 to 370°C, 
15 preferably from 200 to 345°C. The polymers are fused and thoroughly mixed, with or without the other additives 

described. 

The addition of the graft copolymers described above does not adversely influence the processing stability 
of the thermoplastically processable plastics material. The processing of the new molding compositions by 
extrusion or injection molding is preferably carried out at from 200°C to 330°C, with the mold, in the latter case, 
20 being at from 50°C to 150°C, and cycle times preferably but posssibly longer of less than two minutes. The 
thermally stabilized graft copolymer modifier allows for retention and Improvement of properties as described 
above at considerably higher temperatures and under abusive molding compositions, though. 

Special mention is made of articles molded, extruded or thermoformed from any of the above graft poly- 
mers or modified thermoplastic compositions. These can be prepared by conventional methods. 

25 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The following examples illustrate the invention without limitation. All parts given are by weight unless other- 
wise indicated. Impact strengths are reported as notched Izod (Nl) according to ASTM D-256, unnotched Izod, 
30 Dynatup and ductility. Color is reported as YIR and Gloss at 60°C. 

EXAMPLES 

The following abbreviations are used in accordance with the following tables in the following examples: 



35 


Si 


= general term for organosiloxanes includes D4, VMD4, VTMOS, TEOS, APTMOS, etc. 




D4 


= octamethylcyclotetrasiloxane 




VMD4 


= tetramethyltetravinylcyclotetrasiloxane 




VTMOS 


= vinyltrimethoxysilane 




TEOS 


= tetraethoxysilane 


40 


APTMOS 


= gamma-met hacryioxy propyl trimet hoxysilane 




S 


= styrene 




AN 


= acrylonitrile 




MMA 


= methyl (meth)acrylate 




EA 


= ethyl acrytate 


45 


DVB 


= divinylbenzene 



A single slash is used between monomers of a single stage and a double slash or a hyphen is used as a 
shorthand method indicating separation between stages. The first stage to be polymerized is written first be- 
fore the double slash or hyphen, and subsequent stages are written subsequently. 

50 PROCEDURE A 

Octamethylcyclotetrasiloxane (D4), 74.59 parts, tetravinyltetramethyicyciot trasiloxane (VMD4), 3.52 
parts, tetraethoxysilane (TEOS), 8.67 parts, met hacryioxy propyltrimet hoxysilane (APTMOS), 1.22 parts, are 
mixed together. A mixture of styrene (S), 11 .76 parts, and divinylbenzene (DVB), 0.24 parts, is thereafter add- 
55 ed. The organic mixture is then add d to deionized water, 235.7 parts, containing 1.23 parts dissolved dode- 
cylbenzene-sulfonic acid. The final stirred mixture is then homogenized twice at a pressure of 6000-8000 psi. 
The crude emulsion is then polymerized at 75°C for six hours using potassium persulfate, 0.06 part, as the 
initiator for styrenic polymerizati n. The silicone/polystyrene (Si/S) first stage emulsion is cooled to room tern- 
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perature overnight and is then quenched by neutralization from pH 1.7 to 8.1, following an optional addition 
of 0.29 part of GAFAC® RE 610 surfactant which is predissolved in 2.62 parts of deionized water, yielding a 
polyorganosiloxane/polyvinyl co-homopolymer having an Si:S weight ratio of 88:12. 

5 PROCEDURE B (Comparative Example 2A») 

15 parts of methyl (meth)acryiate (MMA) monomer, 0.15 parts of ally! methacrylate (AMA), and 0.45 parts 
of divinyl benzene (DVB) are grafted to 70 parts based on dry rubber of a latex prepared by the method of 
Procedure A to yield a substrate/second stage intermediate graft polymer ((Si/S)-MMA). Subsequently, 15 
10 parts of styrene and 0.45 parts of DVB are grafted to the resultant substrate/second stage intermediate yielding 
the CSiM modifier ((Si/S)-MMA-S-weight ratio of 69.3:15.4:15.3, MMA-S weight ratio of 50:50). The CSiM 
modifier is dried either under vacuum or in a fluidized bed drier for several hours at 60-90°C. 

Thermal stability is illustrated in FIG. 2. 

15 PROCEDURE C (Comparative Example 3A») 

30 parts of methyl (met h)acr y late/sty re ne (MMA/S) (weight ratio of 50:50) comonomer and 0.9 parts of 
DVB are grafted to 70 parts based on dry rubber of a latex prepared by the method of Procedure A yielding 
the CSiM modifier ((Si/S)-MMA/S, weight ratio of 69.4:30.6, MMA/S weight ratio of 50:50). The CSiM modifier 
20 is dried either under vacuum or in a fluidized bed drier for several hours at 60°-90°C. 

Thermal stability is illustrated in FIG. 2. 

PROCEDURE D (Comparative Example 4A») 

25 30 parts of methyl (meth)acrylate/styrene (MMA/S) (weight ratio of 90:10), and 0.9 parts of DVB como- 

nomer are grafted to 70 parts based on dry rubber of a latex prepared by the method of Procedure A yielding 
the CSiM modifier ((Si/S)- MMA/S, weight ratio of 69.4:30.4, MMA/S weight ratio of 90:10). The CSiM modifier 
is dried either under vacuum or in a fluidized bed drier for several hours at 60°C-90°C. 
Thermal stability is illustrated in FIG. 2. 

30 

PROCEDURE E (Comparative Example 5A») 

30 parts of methyl (met h)acrylate/acryionitrile (weight ratio of 95:5) comonomer and 0.9 parts of DVB are 
grafted to 70 parts based on dry rubber of a latex prepared by the method of Procedure A yielding the CSiM 
35 modifier ((S i/S)-M MA/AN , weight ratio of 69.4:30.6, MMA/AN weight ratio of 95:5). The CSiM modifier is dried 
either under vacuum or in a fluidized bed drier for several hours at 60-90°C. 

Thermal stability is illustrated in Table 2. 

PROCEDURE F (Comparative Example 6A*) 

40 

30 parts of methyl (met h)acry late/ethyl acrylate (weight ratio of 90:10) comonomer and 0.9 parts of DVB 
are grafted to 70 parts based on dry rubber of a latex prepared by the method of Procedure A yielding the 
CSiM modifier ((Si/S)-MMA/EA, weight ratio of 69.4:30.6, MMA/EA weight ratio of 95:5). The CSiM modifier is 
dried either under vacuum or in a fluidized bed drier for several hours at 60-90°C. 
45 Thermal stability is illustrated in FIG. 2. 

PROCEDURE G (Comparative Example 7 A*) 

30 parts of methyl (meth)acrylate monomer and 0.9 parts of DVB are grafted to 70 parts based on dry 
50 rubber of a latex prepared by the method of Procedure A yielding the CSiM modifier ((Si/S)-MMA, weight ratio 
of 69.4:30.6). The CSiM modifier is dried either under vacuum or in a fluidized bed drier for several hours at 
60-90°C. 

Thermal stability is illustrated in FIG. 2. 
55 EXAMPLE 1 

A dry blend of 95.2 parts of polycarbonate resin (poly(bisphenol-A carbonate) - Lexan® RL5221 - General 
Electric Co. - Pittsf ield, MA), 4.75 parts of the CSiM modifier prepared by the method of Procedure B, and 



19 



EP0 537 014 A2 



0.05 part of stabilizer are mix d and they are extruded on a 30 mm TWIN extruder operating at 300 rpm with 
barrel zones at 550°C and are pelletized. Samples are molded on an 85 ton Van Dorn machine, with mold tem- 
peratures at 570°F and 605°F with a 30 second cycle; and 605°F and 640°F with a two minute cycle. 
Properties are summarized in Table 1 . 

COMPARATIVE EXAMPLE 1A« 

The procedure of Example 1 is followed substituting the CSiM prepared by the method of Procedure C. 
Properties are summarized in Table 1. 

COMPARATIVE EXAMPLE IB* 

The procedure of Example 1 is followed substituting the CSiM prepared by the method of Procedure D. 
Properties are summarized in Table 1. 

COMPARATIVE EXAMPLE 1C* 

The procedure of Example 1 is followed substituting the CSiM prepared by the method of Procedure E. 
Properties are summarized in Table 1. 

COMPARATIVE EXAMPLE 1D« 

The procedure of Example 1 is followed substituting the CSiM prepared by the method of Procedure F. 
Properties are summarized in Table 1. 

COMPARATIVE EXAMPLE 1E* 

The procedure of Example 1 is followed substituting the CSiM prepared by the method of Procedure G. 
Properties are summarized in Table 1. 

Example 1 when compared with Comparative Examples 1A*-1E* demonstrates the high ductility, partic- 
ularly at low temperatures of modified polycarbonate compositions within the scope of the present invention. 
Example 1 remains ductile particularly at temperatures of- 10°C and below and most particularly at -30°C and 
below. Example 1 even remains ductile at temperatures as low as -50°C under certain molding conditions. Im- 
pact strength is improved at low temperatures as well. 
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TABLE 1 (cont'd) 



a - Poly(bisphenoi-A carbonate) - Lexana RL5221 - General 
Electric Co. - Pitta field, MA. 

b - (Si/S)-MMA-S, substrate wt. ratio of Si:S of 88:12, wt. 
ratio of MMA:S of 50:50, wt. ratio of (Si/S) 2MMA-S of 
69.3:30.7 - Procedure B. 

c - (Si/S)-MMA/S, substrate wt. ratio of Si:S of 88:12, wt. 
ratio of MMA:S of 50:50, wt. ratio of (Si/S) :MMA/S of 
69.4:30.6 - Procedure C. 

d - (Si/S)-MMA/S, substrate wt. ratio of Si:S of 88:12, wt. 
ratio of MMA: S of 90:10, wt. ratio of (S1/S):MMA/S of 
69.4:30.6 - Procedure D. 

e - (Si/S) -MMA/ AN, substrate wt. ratio of Si:S of 88:12, wt. 
ratio of MMA: AM of 95^5, wt. ratio of (Si/S ) : MMA/AN of 
69.4:30.6 - Procedure E. 

f - (Si/S)-MMA/EA, substrate wt. ratio of Si:S of 88:12, wt. 
ratio MMA:£A of 90:10, wt. ratio of (Si/S) :MMA/EA of 
69.4:30*6 - Procedure F. 

g - (Si/S) -MMA, substrate wt. ratio of Si:S of 88:12, wt. 
ratio of S1/S:MMA of 69.4:30.6 - Procedure G. 



EXAMPLE 2 

The CSiM of Procedure B is superdried for an additional two hours at 250°F. The superdrying results in a 
weight loss of 1 to 2 percent. Its thermal stability is illustrated in FIG. 2. by ISO-DSC measurement 

EXAMPLE 3 

The CSiM of Procedure C is superdried for an additional two hours at 250°F. Its thermal stability is illu- 
strated in FIG. 2. by ISO-DSC measurement 

EXAMPLE 4 

The CSiM of Procedure D is superdried for an additional two hours at 250°F. The superdrying results in a 
weight loss of 1 to 2 percent Its thermal stability is illustrated in FIG. 2. by ISO-DSC measurements. 

EXAMPLE 5 

The CSiM of Procedure E is superdried for an additional two hours at 250°F. The superdrying results in a 
weight loss of 1 to 2 percent Its thermal stability is illustrated in FIG. 2. by ISO-DSC measurements. 

EXAMPLE 6 

The CSiM of Procedure F is superdried for an additional two hours at 250°F. The superdrying results in a 
weight loss of 1 to 2 percent Its thermal stability is illustrated in FIG. 2. 

EXAMPLE 7 

The CSiM of Procedure G is dried for an additional two hours at 250°F. The additional drying results in a 
weight loss of 1 to 2 percent Its thermal stability is illustrated in FIG. 2. 

COMPARATIVE EXAMPLE 8* 



Si/Si Substrate was isolated from th emulsion (prepared according to Procedure A) and vacuum dried to 
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a constant weight at 60 degrees C. 

Examples 2-7, when compared with Comparative Examples 2A*-7A* (Procedures B-G), demonstrate the 
improved impact properties imparted to thermally stabilized CSiM modifier by superdrying. Particularly, the 
thermally stabilized modifiers are 100 percent ductile at room temperature and have increased notched Izod 
strength over the non-thermally stabilized material. 

Finally, FIG. 2, which illustrates melt stability of the thermally stabilized modifier measured by isothermal 
TGA, shows that weight retained after 15 minutes at 300°C improves to 98-99+ percent after superdrying (Ex- 
amples 2-7) compared to 60-70 percent in the non-thermally stabilized modifier (Comparative Examples 2A«- 
7A* (Procedures B-G)). 

The finding that the superdrying in Examples 2-7 results only in a 1-2 percent weight loss in the modifier 
indicates that the superdrying at a higher temperature than the drying in the preparation of the modifiers of 
Comparative Examples 2A*-7A* (Procedures B-G) actually improves the thermal stability of the CSiM modi- 
fiers. 

EXAMPLE 9 

Adry blend of 95.2 parts of polycarbonate resin (poly(bisphenol-A carbonate) - Lexan® RL5221 - General 
Electric Co.), 4.75 parts of the CSiM modifier prepared by the method of Example 2, and 0.05 part of stabilizer 
are mixed and extruded in an 30 mm TWIN extruder operating at 300 rpm with barrel zones at 550°C, and are 
peiietized. Samples are molded on a molder with mold temperature at 640°C with a 2 minute cycle. 

Properties are illustrated in Table 2. 

EXAMPLE 10 

The procedure of Example 2 is followed substituting CSiM prepared by the method of Example 3. 
Properties are summarized in Table 2. 

EXAMPLE 11 

The procedure of Example 2 is followed substituting the CSiM prepared by the method of Example 4. 
Properties are summarized in Table 2. 

EXAMPLE 12 

The procedure of Example 2 is followed substituting the CSiM prepared by the method of Example 5. 
Properties are summarized in Table 2. 

EXAMPLE 13 

The procedure of Example 2 is followed substituting the CSiM prepared by the method of Example 6. 
Properties are summarized in Table 2. 

EXAMPLE 14 

The procedure of Example 2 is followed substituting the CSiM prepared by the method of Example 7. 
Properties are summarized in Table 2. 

Examples 9-14 demonstrate the good thermal stability of the thermally stabilized CSiM modifier of the 
present invention under abusive molding conditions. Particularly when Example 9 is compared with Example 
1, Example 10 with Comparative Example 1A*, Example 11 with Comparative Example 1 B* f Example 12 with 
Comparative Example 1C», Example 13 with Comparative Example 1D*, and Example 14 with Comparative 
Example 1E*. the impact strength and ductility are improved under abusive molding conditions. 
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TABLE 2 (cont'd) 

a - Poly(bisphenol-A carbonate) - Lexantt RLS221 - General 
Electric Co. - Pittsfleld, MA. 

b - <Si/S)-MMA-S, substrate wt. ratio of Si:S of 88:12, wt. 
ratio of MMA: S of 50:50, wt. ratio of (Si/S):MMA-S of 
60.3:30.7 - Procedure B. 

c * (Si/S)-MMA/S, substrate wt. ratio of Si:S of 88:12, wt. 
ratio of MMA; S of 50:50, wt. ratio of (Si/S):MMA/S of 
60.4:30.6 - Procedure C. 

d - (S1/S)-MMA/S, substrate wt. ratio of Si:S of 88:12, wt. 
ratio of MMA: S of 90:10, wt. ratio of (S1/S):MMA/S of 
60.4:30.6 - Procedure D. 

e - <Si/S)-MMA/AN, substrate wt. ratio of Si:S of 88:12, wt. 
ratio of MMA: AN of 95:<6, wt. ratio of (Si/S) :MMA/AN of 
60.4:30*6 - Procedure E. 

f - <Si/S)-MMA/EA, substrate wt. ratio of S1:S of 88:12, wt. 
ratio MMA:EA of 90:10, wt. ratio of (Si/S) :MMA/EA of 
60.4:30.6 - Procedure F. 

g - (Si/S)-MMA, wt. ratio of Si:S of 88:12, wt. ratio of 
Si/S: MMA of 60.4:30.6 - Procedure G. 

All patents and applications mentioned above are hereby incorporated by reference. 

Many variations of the present invention will suggest themselves to those skilled in this art in light of the 
above, detailed description. For example, glass fibers can be used to reinforce the compositions and polybro- 
minated diphenyl ether can be used to make them flame retardant. All such obvious variations are within the 
full intended scope of the appended claims. 



Claims 

1. A low temperature ductile and impact resistant composition comprising: 

(A) a polycarbonate resin; and 

(B) a low temperature ductility and impact strength improving amount of a multi-stage polyorganosi- 
loxane/ polyvinyl-based graft polymer composition comprising: 

(a) as a first stage, a substrate selected from: 

(i) a polymeric co-homopolymerized substrate comprised of, in combination, an organosiloxane 
polymer and at least one vinyl-based polymer; 

(ii) a polymeric co-homopolymerized substrate comprised of, in combination, an organosiloxane 
polymer, at least one vinyl-based polymer, and units which are derived from a cross-linking agent 
or agents; 

(iii) a polymeric co-homopolymerized substrate comprised of, in combination, an organosiloxane 
polymer, at least one vinyl-based polymer, and units which serve as a graft-linking agent or 
agents; 

(iv) a polymeric co-homopolymerized substrate comprised of, in combination, an organosiloxane 
polymer, at least one vinyl-based polymer, units which are derived from a cross-linking agent or 
agents and units from the same or different agent or agents which serve as a graft-linking agent 
or agents; or 

(v) a polymeric co-homopolymerized substrate comprised of, in combination, an organosiloxane 
polymer, at least on vinyl-bas d polym r, and a mixture of any of units which are derived from 
a cross-linking agent or agents, units which serve as a graft-linking ag nt or agents, or units de- 
rived from a cross-linking agent or agents and units from the same or different agent or agents 
which serve as a graft-linking agent or agents; and 

b) a second stage graft-polymerized in th presence of said substrate comprising at least one alkyl 
(met h)acrylate polymer and optionally units derived from a cross-linking agent or agents, units which 
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serve as a graft-linking agent or agents, units d rived from a cross-linking agent or agents and units 
from the same or different agent or ag nts which serve as a graft-linking agent or agents, or a mix- 
ture of any of the foregoing units to form a substrated/second stage intermediate; and 
(c) a third stage, graft-polymerized in the presence of said substrate/second stage intermediate 
comprising at least one alkenyl aromatic polymer. 

A composition as defined in Claim 1 wherein said polycarbonate resin comprises poly(bisphenol-A car- 
bonate). 

A composition as defined in Claim 1 wherein component (A) comprises from about 75 to about 99 parts 
by weight and component (B) comprises from about 25 to about 1 parts by weight based upon 100 parts 
by weight of (A) and (B) combined. 

A composition as defined in Claim 1 wherein said organosiloxane polymer is comprised primarily of a mix- 
ture of units of the formula 

R2SiO (4 _ n )/2 

wherein R is hydrogen or a monovalent hydrocarbon radical of about 1 to 16 carbon atoms and n is 0, 1 
or 2. 

A composition as defined in Claim 1 wherein said second stage alky! (meth)acrylate polymer comprises 
poly(methyl (met h)acry late) and said third stage alkenyl aromatic polymer comprises polystyrene. 

A composition as defined in Claim 1 wherein said first stage substrate (B)(a) is comprised of approximately 
5 to 45 weight percent vinyl-based polymer. 

A composition as defined in Claim 1 wherein said second stage polymer (B)(b) comprises from about 5 
to about 95 parts by weight and third stage polymer (B)(c) comprises from about 95 to about 5 parts by 
weight based upon 100 parts by weight of (B)(b) and (B)(c) combined. 

A composition as defined in Claim 1 wherein said first stage substrate (B)(a) comprises from about 30 to 
about 70 parts by weight and said second stage (B)(b) and said third stage (B)(c) combined comprise from 
about 70 to about 30 parts by weight of (B)(a), (B)(b) and (B)(c) combined. 

A low temperature ductile and impact resistant composition comprising: 

(A) a polycarbonate resin; and 

(B) a low temperature ductility and impact strength improving amount of a multi-stage polyorganosi- 
loxane/ polyvinyl-based graft polymer composition comprising: 

(a) as a first stage, a substrate selected from: 

(i) a polymeric co-homopolymerized substrate comprised of, in combination, an organosiloxane 
polymer and at least one vinyl-based polymer; 

(ii) a polymeric co-homopolymerized substrate comprised of, in combination, an organosiloxane 
polymer, at least one vinyl-based polymer, and units which are derived from a cross-linking agent 
or agents; 

(iii) a polymeric co-homopolymerized substrate comprised of, in combination, an organosiloxane 
polymer, at least one vinyl-based polymer, and units which serve as a graft-linking agent or 
agents; 

(iv) a polymeric co-homopolymerized substrate comprised of, in combination, an organosiloxane 
polymer, at least one vinyl-based polymer, units which are derived from a cross-linking agent or 
agents and units from the same or different agent or agents which serve as a graft-linking agent 
or agents; or 

(v) a polymeric co-homopolymerized substrate comprised of, in combination, an organosiloxane 
polymer, at least one vinyl-based polymer, and a mixture of any of units which are derived from 
a cross-linking agent or agents, units which serve as a graft-linking agent or agents, or units de- 
rived from a cross-linking agent or agents and units from the same or different agent or agents 
which serve as a graft-linking agent or agents; and 

(b) a second stage graft-polymerized in the presence of said substrate comprising at least on alkyl 
(meth)acrylat p lym rand ptionally units derived from a cross-linking agent or agents, units which 
s rve as a graft- linking agent or agents, units derived from a cross-linking agent or agents and units 
from the sam or different agent or ag nts which serve as a graft-linking agent or ag nts, or a mix- 
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ture of any of the foregoing units to form a substrated/second stage intermediat ; and 
(c) a third stage, graft-polymerized in the presence of said substrate/second stage int rmediate con- 
sisting essentially of styrene. 

10. A thermally stabilized multi-stage polyorganosiloxane/polyvinyl-based graft polymer composition having 
improved color-imparting and impact-imparting properties comprising 

(a) as a first stage, a substrate selected from: 

(i) a polymeric co-homopolymerized substrate comprised of, in combination, an organosiloxane 
polymer and at least one vinyt-based polymer; 

(ii) a polymeric co-homopolymerized substrate comprised of, in combination, an organosiloxane 
polymer, at least one vinyl-based polymer, and units which are derived from a cross-linking agent 
or agents; 

(Hi) a polymeric co-homopolymerized substrate comprised of, In combination, an organosiloxane 
polymer, at least one vinyl-based polymer, and units which serve as a graft-linking agent or agents; 

(iv) a polymeric co-homopolymerized substrate comprised of, in combination, an organosiloxane 
polymer, at least one vinyl-based polymer, units which are derived from a cross-linking agent or 
agents and units from the same or different agent or agents which serve as a graft-linking agent or 
agents; or 

(v) a polymeric co-homopolymerized substrate comprised of, in combination, an organosiloxane 
polymer, at least one vinyl-based polymer, and a mixture of any of units which are derived from a 
cross-linking agent or agents, units which serve as a graft-linking agent or agents, or units derived 
from a cross-linking agent or agents and units from the same or different agent or agents which 
serve as a graft-linking agent or agents; and 

(b) at least one subsequent stage or stages graft polymerized in the presence of any previous stage 
and which is comprised of a vinyl-based polymer or a cross-linked vinyl-based polymer, 

said graft polymer being superdried. 

11. A composition as defined in Claim 10 wherein said organosiloxane/vinyl-based co-homopolymer first 
stage substrate (a) comprises approximately 5 to 95 weight percent of the total graft polymer composition 
based upon the weight of said first stage substrate and any subsequent graft stages taken together. 

12. A composition as defined in Claim 10 wherein said organosiloxane polymer is comprised primarily of a 
mixture of units of the formula 

RnSiO(4. n y2 

wherein R is hydrogen or a monovalent hydrocarbon radical of about 1 to 16 carbon atoms and n is 0, 1 
or 2. 

13. A composition as defined in Claim 1 0 wherein the vinyl-based polymer component of said first stage sub- 
strate (a) is comprised primarily of polymerized alkenyl aromatic units, (met h)acry late units or a mixture 
thereof. 

14. A composition as defined in Claim 10 wherein the vinyl-based polymer in any subsequent stage (b) in- 
cludes monomers selected from the group consisting of alkenyl aromatic compounds, (meth)acrylate 
compounds, vinyl cyanide compounds, maleimide compounds, acrylamide compounds or combinations 
of any of the foregoing. 

15. A composition as defined in Claim 10 wherein said subsequent stages comprise 

(b)(i) a second stage comprising at least one polymer and optionally units which are derived from a 
cross-linking agent or agents, units which serve as a graft-linking agent or agents, units derived from 
a cross-linking agent or agents and units from the same or different agent or agents which serve as a 
graft-linking agent or agents, or a mixture of any of the foregoing; and 

(b)(ii) a third stage comprising at least one vinyl-based polymer or cross-linked vinyl-based polymer 
which is the same as, or different than, said (b)(i) polymer. 

16. A composition as defined in Claim 15 wherein subsequent stage (b)(i) comprises poly(methyl 
(meth)acrylate) and subsequent stage (b)(ii) comprises a styrene/acrylonitrile copolymer. 

17. A process for producing a thermally stabilized multi-stage polyorganosiioxan /polyvinyl-based graft poly- 
mer comprising the steps of: 
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(i) providing a first stage substrate by the concurrent co-homopolymerization of 

(1) an organosiloxane and one or more vinyl-based monomers; 

(2) an organosiloxane, ne or more vinyl-based monomers, and units which are derived from a 
cross-linking agent or agents; 

(3) an organosiloxane, one or more vinyl-based monomers, and units which serve as a graft-linking 
agent or agents; 

(4) an organosiloxane, one or more vinyl-based monomers, units which are derived from at least 
one cross-linking agent or agents and units of the same or different agent or agents which serve 
as a graft-linking, agent or agents; or 

(5) an organosiloxane, one or more vinyl-based monomers, and a mixture of any of units which are 
derived from a cross-linking agent or agents, units which serve as a graft-linking agent or agents, 
or units derived from a cross-linking agent or agents and units from the same or different agent or 
agents which serve as a graft-linking agent or agents; 

(ii) neutralizing the reaction mass of the foregoing polymerization step to a pH of at least about 6.5 to 
provide a neutralized polyorganosiloxane/polyvinyl-based substrate latex; 

(iii) graft polymerizing at least one vinyl-based monomer in a subsequent stage in the presence of said 
polyorganosiloxane/polyvinyl-based substrate thereby providing a multi-stage polyorganosilox- 
ane/polyvinyl-based graft polymer; 

(iv) drying said multi-stage polyorganosiloxane/polyvinyl-based graft polymer thereby providing a dried 
multi-stage polyorganosiloxane/polyvinyl-based graft polymer; and 

(v) superdrying said dried multi-stage polyorganosiloxane/polyvlnyl-based graft polymer thereby pro- 
viding said thermally stabilized multi-stage polyorganosiloxane/polyvinyl-based graft polymer. 

18. A process as defined in Claim 1 7 wherein step (iv) is carried out for a period of from about 1 Vs> to about 
2Y2 hours at a temperature of about 100°C to about 150°C. 

19. A process as defined in Claim 17 wherein graft polymerization step (iii) is carried out in two successive 
stages comprising: 

(1) graft polymerizing at least one vinyl-based monomer, or vinyl-based monomer in admixture with a 
cross-linker, a graft-linker, or a cross- and graft-linker or a mixture of the foregoing to produce a second 
stage of polymer or cross-linked polymer on said substrate; and thereafter, 

(2) graft polymerizing at least one vinyl-based monomer or a monomer and a cross-linker which is the 
same as or different than that used in step (iii)(1) to produce a third stage of polymer on said second 
stage. 

20. A process as defined in Claim 19 wherein the polymer for the second stage is produced by polymerizing 
butyl acrylate, a cross-linker or optionally a graft-linker, and the polymer for the third stage is produced 
by polymerizing styrene and acrylonitrile. 

21. A process as defined in Claim 17 further comprising the step of isolating said thermally stabilized multi- 
stage organosiloxane/vinyl-based graft polymer to provide a thermally stabilized polyorganosilox- 
ane/poiyvinyi-based modifier for thermoplastic resins. 

22. A process as defined in Claim 19 further comprising the step of isolating said thermally stabilized multi- 
stage polyorganosiloxane/vinyi-based graft polymer to provide a thermally stabilized multi-stage polyor- 
ganosiloxane/polyvinyl-based modifier for thermoplastic resins. 

23. A process as defined in Claim 21 further comprising the step of combining a color and impact strength 
modifying amount of said thermally stabilized multi-stage polyorganosiioxane/polyyinyl-based modifier 
with a thermoplastic resin. 

24. A composition produced by a process as defined in Claim 1 7. 

25. A composition comprising 

(A) a thermoplastic resin; and 

(B) a ductility and impact strength modifying am unt of a thermally stabilized multi-stage polyorgano- 
siloxane/polyvinyl-bas d graft polymer composition having improved color-imparting and impact-im- 
parting properties (B) comprising: 

(a) as a first stag , a substrate selected from: 
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(i) a polymeric co-homopolymerized substrate comprised of, in combination, an organosiloxane 
polymer and at least one vinyl-based polymer; 

(ii) a polymeric co-homopolymerized substrate comprised of, in combination, an organosiloxane 
polymer, at least one vinyl-based polymer, and units which are derived from a cross-linking agent 
or agents; 

(iii) a polymeric co-homopolymerized substrate comprised of, in combination, an organosiloxane 
polymer, at least one vinyl-based polymer, and units which serve as a graft-linking agent or 
agents; 

(iv) a polymeric co-homopolymerized substrate comprised of, in combination, an organosiloxane 
polymer, at least one vinyl-based polymer, units which are derived from a cross-linking agent or 
agents and units from the same or different agent or agents which serve as a graft-linking agent 
or agents; or 

(v) a polymeric co-homopolymerized substrate comprised of, in combination, an organosiloxane 
polymer, at least one vinyl-based polymer, and a mixture of any of units which are derived from 
a cross-linking agent or agents, units which serve as a graft-linking agent or agents, or units de- 
rived from a cross-linking agent or agents and units from the same or different agent or agents 
which serve as a graft-linking agent or agents; and 

(b) at least one subsequent stage or stages graft polymerized in the presence of any previous stage 
and which is comprised of a vinyl-based polymer or a cross-linked vinyl-based polymer; 
said graft polymer being superdried. 

26. A composition as defined in Claim 25 wherein said thermoplastic resin (A) comprises a polyvinyl ic) resin, 
a polyester resin, a polyamide resin, a polycarbonate resin, a polyacetal resin, a polyether resin, a 
poly(etherimide) resin, a poly(sulfone) resin, interpolymers comprising units of any of the foregoing resins 
and compositions comprising blends of any of them. 

27. A composition as defined in Claim 25 wherein said organosiloxane polymer is comprised primarily of a 
mixture of units of the formula 

RnSiO(4_ n )/2 

wherein R is hydrogen or monovalent hydrocarbon radical of about 1 to 16 carbon atoms and n is 0, 1 or 

2. 

28. A composition as defined in Claim 25 wherein the vinyl-based polymer in any subsequent stage (B)(b) 
includes monomers selected from the group consisting of alkenyl aromatic compounds, (meth)acrylate 
compounds, vinyl cyanide compounds, maleimide compounds, acryiamide compounds or a combination 
of any of the foregoing. 

29. A composition as defined In Claim 28 wherein said vinyl-based polymer in any subsequent stage (B)(b) 
Is selected from the group consisting of polystyrene, styrene/acrylonitrile copolymer, styrene/divinylben- 
zene copolymer, sty re ne/acry Ion itrile/divinyl benzene terpolymer and poly (butyl acrylate). 

3>0. A composition as defined in any one of Claims 1 to 16 and 24 to 29 which also includes 

(C) an effective amount of a flame retardant agent 0 r 

31. A composition as def ined in any one of Claims 1 to 16 and 24 to 30 which also includes 

(D) an effective amount of a reinforcing filler. 

32. An article molded, extruded or thermoformed from a composition as defined in any one of Claims 1 to 
16 and 24 to 31. 




34 




35 



THIS PAGE BUNK (uspto) 



